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PREFACE. 


pate 

In order to benefit by a course of practical instruction in 
chemical analysis, the student must necessarily obtain a pre- 
liminary acquaintance with the general principles and theories 
of the science. 

The present work is designed for use in the laboratory ; con- 
sequently everything, which does not immediately refer to 
the processes of analysis 1s very properly excluded. If we con- 
sider, as we ought, the main design of practical instruction in a 
chemical laboratory, to be the exercise of reflection and judgment 

‘in order to a profound understanding of the scientific basis upon 
which the separation of bodies from each other depends, it is 
obvious that a work adapted for laboratory use must differ from 
one designed for self-instruction. In books of the latter kind, 
it must be assumed that the reader has no previous knowledge ; 
they must therefore include. a description of a multitude 
of things not absolutely relevant to their professed object: 
with some of these the student ought to become acquainted 
by attendance on lectures, or by reading an elementary work 
on the science, such as the preparation of reagents; with 
others, (apparatus and instruments,) he becomes familiar imme- 


diately upon his entering the laboratory. Those therefore 
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must be considered the best books of this kind, which most 
completely supersede the necessity of a teacher; and neces- 
sarily, on this ground, the great advantages derived from 
oral instruction, and the excitement of the student’s own 
powers of observation and reflection, are sacrificed to the mere 
mechanical course of operations, which leads securely to the 
detection of individual bodies. 

The want of an introduction to chemical analysis, adapted 
for the use of a laboratory, has given rise to the present work, 
which contains an accurate description of the course I have 
followed in my laboratory with great advantage for twenty-five 
years. It has been prepared at my request by Professor Will, 
who has been my assistant during a great part of this period. 
I hope and believe that it will be acceptable to the English 
pubhie. 


Justus von LIEBIG. 
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SECTION I. 


BEHAVIOUR OF THE METALS AND THEIR OXIDES WITH 
REAGENTS. 


GROUP I. 
THE ALKALI-METALS. 


Potassium, Sodium, | Lithium|, Ammonium. 


Tue metals of this group are lighter than water, which they 
decompose at the common temperature, with disengagement 
of hydrogen; their compounds with chlorine, bromine, iodine, 
sulphur, and oxygen are soluble in water, as also are the com- 
binations of their oxides with, most acids, particularly with 
sulphuric acid HO, SO,, nitric acid, HO, NO,, phosphoric acid 
3 HO, PO., and carbonic acid, CO,. The most important 
reactions of the salts of the alkali-metals, by which they may 
be easily recognised and qualitatively separated, are the 
following :— 

a. POTASSA. 


KO. 


Chloride of platinum Pt Cl, produces in moderately dilute 
potassa-salts, especially on the addition of some hydrochloric 
acid H Cl and alcohol, an orange-yellow crystalline precipitate, 

B 
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which is a double salt of chloride of potassium and chloride of 
platinum K Cl, Pt Cl,. 

Tartaric acid 2 HO, C, H,O,, =2 HO, T, also gives a 
white crystalline precipitate, appearing sooner or later according 
to the concentration of the liquid. This precipitate,—bitartrate 
of potassa KO, HO, Tis soluble in 60 parts of water, and 
dissolves readily in strong mineral acids and alkaline liquids. 

Potassa-salts not containing soda, impart to the exterior 
blowpipe flame a distinct viole¢ tint ; the same colour is produced 
in the flame of alcohol, when mixed with a moderately dilute 
solution of a potassa-salt. 

b. SODA. 


Na O. 


Soda (even in the presence of the other two fixed alkalies) is 
recognised by its salts imparting an intense yellow colour to the 
exterior blowpipe flame. 

Since soda forms generally soluble compounds with acids, we 
possess very few reagents, which separate it from its solution in 
an insoluble state. 

Carefully prepared antimoniate of potassa KO, Sb O, pro- 
duces awhite precipitate of antimoniate of soda Na O, Sb O, 
in a moderately dilute solution of a neutral or at least only 
slightly alkaline soda-salt. Before employing this reagent, we 
must carefully ascertain, that no alkaline earth or other oxide is 
present in the solution to be examined. 

% 


ce. [LITHIA.] 
Li O. 

Lithia-salts are recognised by imparting a beautiful crimson 
to the exterior flame, when exposed on a platinum-wire to the 
point of the inner blowpipe flame. The presence of soda renders 
this imperceptible, on account of its characteristic yellow flame. 

When a clear solution containing lithia is evaporated to 
dryness in the presence of phosphate of soda 2 NaO, HO, PO,, 
and carbonate of soda NaO, CO,, there remains after treat- 
ment with water a not readily soluble crystalline double-salt 
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2 NaO, PO, + 2 LiO, PO., which produces a transparent mass 
when fused together upon platinum-foil with carbonate of soda. 


d. AMMONIA. (OXIDE OF AMMONIUM.) 
NH, O. 

Ammonia gives with chloride of platinum and with tartaric 
acid the same reactions as potassa ; the precipitates have also a 
similar composition. | 

Ammonia is recognised with ease and certainty, even in the 
presence of all the other bases, by its being set free in a gaseous 
state by the action of the caustic alkalies, or the alkaline earths, 
upon its compounds. For this purpose we generally use hydrate 
of ime HO, CaO. Ammonia in the state of gas is distinguished 
by its peculiar smell, and by the white clouds which are formed, 
when a glass-rod moistened with hydrochloric acid (not fuming) 
is brought near the liquid to be examined. This appearance is 
owing to the formation of chloride of ammonium N HCl. 


GROUP I], 
THE METALS OF THE ALKALINE EARTHS. 
Barium, Strontium, Calcium, Magnesium. 


The metals also of this group, so far as they are known, 
decompose water without the presence of an acid; their com- 
pounds with oxvygen and sulphur are soluble in water, though 
less so than those of the alkali-metals.. Oxide of magnesium (mag- 
nesia) is almost insoluble in water. Baryta, strontia, lime, and 
magnesia, form compounds with carbonic and phosphoric acids, 
which are insoluble in water; these oxides are, therefore, preci- 
pitated from their neutral solutions by the soluble and neutral 
salts of these acids. (This constitutes the distinction between 
the first and second group). 

Their sulphates exhibit a very unequal degree of solubility m 
water. 

Sulphate of baryta is insoluble. 

Sulphate of strontia nearly so. 

Sulphate of lime is slightly soluble. 

Sulphate of magnesia is very soluble. | 

Bie 
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a. BARYTA. 
Ba O. 


The salts of baryta (which are soluble in water) are not preci- 
pitated by ammonia. 

Carbonate of potassa, carbonate of soda, and carbonate of 
ammonia, (the latter, on addition of some pure ammonia and a 
slight increase of temperature), precipitate this base completely 
in the form of carbonate, BaO, CO,. 

Baryta is likewise thrown down completely in the form of 
sulphate BaO, SO,, from all its salts, as well those soluble in 
water, as those in acids, either by free sulphuric acid, or by any 
of the soluble sulphates. Even sulphate of lime CaO, SO, 
decomposes soluble baryta-salts by the formation of sulphate of 
baryta, which is insoluble both in alkalies and acids. 

Hydro-fluosilicie acid HF, 8i¥, produces in neutral and acid 
solutions of baryta an almost transparent precipitate of silico- 
fluoride of barium Ba F, Si F,, which, therefore, is only to be 
distinctly recognised after it has become deposited. 

Phosphate of soda gives with neutral salts of baryta a preci- 
pitate of phosphate of baryta, which is easily soluble in acids, 
even in acetic acid. 

Most of the baryta-salts impart a yellowish-green colour to the 
flame of alcohol. 

b, STRONTIA. 


Sr O. 


Salts of strontia much resemble in their chemical character 
the compounds of baryta. 

The sulphate of strontia is not so completely msoluble in 
water and acids as the sulphate of baryta. The precipitate of 
sulphate of strontia produced by sulphate of lime or other 
soluble sulphates, therefore, does not appear immediately, unless 
the solution be very concentrated. 

Hydro-fluosilicic acid gives no precipitate with solutions of 
strontia. 


Strontia salts impart a crumson colour to the flame of alcohol. 
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Strontia, when in company with ee is detected by dis- 
solving the carbonates in hydrochloric acid, evaporating to 
dryness, and digesting the residue with strong alcohol. Chloride 
of strontium is dissolved, and may be recognised in this solution 
either by sulphuric acid, or the colour of the flame, &c. 


ce. LIME. 
CaO, 


Lime is distinguished from baryta and strontia by its not 
giving a precipitate with dilute sulphuric acid, sulphate of lime 
being somewhat soluble in water, and in acids. 

Neutral salts of lime (even a solution of the sulphate) are pre- 
eipitated completely by ovale acid HO, C,O, = HO, O, or 
the soluble oxalates, which affords the best method for detecting 
lime. When the three are together, baryta and strontia are 
precipitated by dilute sulphuric acid, or sulphate of potassa, the 
filtrate being neutralised with ammonia; the lime is then preci- 
pitated by oxalic acid. Oxalate of lime is insoluble in acetic 
acid, but soluble in mineral acids. 

Several lime-salts, as chloride of calcium, and nitrate of lime, 
are soluble in strong alcohol, and impart a yellowish-red colour 
to its flame. 

Sulphate of lime is insoluble im alcohol, (even when it is 
dilute) ; therefore, sulphuric acid precipitates lime completely 
from solutions of its salts in alcohol. 


d. MAGNESIA. 
Mg O. 

From the three alkaline earths above mentioned, magnesia is 
distinguished by its sulphate being very soluble in water. 

When in company with ammonia, magnesia is precipitated 
only by soluble phosphates. 

When no ammonia, or ammoniacal salts are present, so- 
luble salts of magnesia are thrown down completely by the 
fixed caustic alkalies, as hydrate, HO, MgO, on boiling 
also by their neutral carbonates, as a compound of hydrate and 
carbonate 2 (HO, Mg O) + 3(Mg0O, CQ,.) 


6 SEPARATION OF MAGNESIA FROM 


Ammonia precipitates ‘them only partially as hydrate, a 
soluble double salt being formed at the same time. 

Soluble magnesia-salts are not precipitated in the cold by 
bicarbonate of ammonia, and only partially and slowly by carbonate 
and sesqui-carbonate of ammonia; the precipitate obtaimed by 
the latter reagents, appears quicker and more completely on 
ebullition. 

All these precipitates are redissolved on the addition of a suffi- 
cient quantity of chloride of ammonium. But, as already 
mentioned, the precipitate, which in the presence of ammonia 
is produced by phosphate of soda, (this precipitate is a tribasic 
phosphate, 2 MgO, NH,O, PO, + 12 aq), remains insoluble even 
in a very great excess of chloride of ammonium. 

When magnesia-salts are heated upon charcoal before the 
blowpipe, moistened with a drop of solution of nitrate of cobalt, 
CoO, NO, and ignited again powerfully, for a short time, the salt 
assumes a pale red colour. But this is not always perceptible, 
when other oxides are present. 


Magnesia may, therefore, be separated from baryta, strontia, 
and lime, simply by carbonate of ammonia, in the presence of 
chloride of ammonium and ammonia. Magnesia remains m 
solution, while the three other earths are completely precipitated 
(especially on a slight increase of temperature and addition of 
some ammonia.) ‘The filtrate may then be tested for magnesia 
with phosphateof soda. 

In order to detect the fixed alkalies when in conjunction with 
magnesia, it is necessary to get rid of the magnesia and all the 
ammoniacal salts. This is effected by evaporating the solution 
and igniting. The residue is then heated with water, a solution 
of baryta (or, what is equally good, sulphide of barium, Ba S), 
added to the liquid as long as a precipitate is formed. The 
excess of baryta, after filtration, is then separated either by 
sulphuric acid, or carbonate of ammonia, and the residue obtained 
by evaporating the filtrate, ignited. 

This residue must now be tested for potassa, soda [and 
lithia], as above explained. When, however, the solution to be 
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examined contains no ammoniacal salts, the first evaporation 
and ignition may of course be omitted, since then the mag- 
nesia may be completely precipitated by caustic baryta. If 
the second evaporation leaves no residue, there are of course no 
alkalies in the solution. 

The salts of the alkaline earths which are soluble in water, 
are not precipitated by ammonia or: sulphide of ammonium 
NH,S, (magnesia excepted, unless a sufficient quantity of 
an ammoniacal salt be present); those, however, which are 
insoluble in water but soluble without decomposition in acids, 
are precipitated, such as the compounds of the alkaline earths 
with phosphoric, arsenic AsO,, hydro-fluosilicic and boracic 
BO, acids, also ovalic acid, and many other non-volatile 
organic acids. This applies to the compounds of lime with 
almost all the above-mentioned acids, but in the case of mag- 
nesia only to the phosphate. These salts, when dissolved in an 
acid, fall down as salts by neutralising with ammonia, or (what 
is the same) with sulphide of ammonium. 

They exhibit the same behaviour with the common reagents 
as the earths themselves ; especially they are insoluble in potassa. 
When in testing for acids we find any of the above (which are 
principally non-volatile acids), these properties must be borne in 
mind, in order that we may not overlook the alkaline earths. 
When the acid combined with the alkaline earth is oxalic, or 
any other organic acid, the precipitate after ignition effervesces on 
the addition of a mineral acid ; in this case the base after being 
dissolved in hydrochloric acid is no more precipitated by ammo. 
nia, and may be recognised in the usual manner. When the 
acid is phosphoric the precipitate is not decomposed. by ignition ; 
in order to detect the base, acetate of potassa KO, A is added 
to the solution of the salt im hydrochloric acid, and the liquid 
tested with oxalate of ammonia, on the one hand (lime), and 
sulphate of lime on the other (baryta, strontia). Magnesia 
remains in solution (baryta, strontia and lime being separated) 
and is detected by saturating with ammonia, and addition of 
phosphate of soda. 


8 ALUMINUM, GLUCINUM, THORIUM, YTTRIUM, ETC. 


GROUP Iil. 


METALS WHICH ARE NOT PRECIPITATED BY HYDROSULPHURIC 
ACID FROM THEIR SOLUTIONS CONTAINING FREE MINERAL 
ACID, BUT WHICH ARE THROWN DOWN BY SULPHIDE OF 
AMMONIUM, PARTLY AS OXIDES, PARTLY AS SULPHIDES, 
FROM THEIR NEUTRAL SOLUTIONS. 


This great group consists of the following fifteen metals : 

Aluminum, [glucinum, thorium, yttrium, cerium, zirconium| 
chromium, (titanium, tantalum*| manganese, iron, zinc, [uranium | 
cobalt and nickel. 

The oxides of the nine first mentioned metals do not give up 
their oxygen for the sulphur of the hydrosulphuric acid HS ; 
they are thrown down therefore as oxides by the action of the 
ammonia contained in the sulphide of ammonium with evolution 
of hydrosulphuric acid, ex. gr. — 

Al,O,,880, +3NH,8+3HO=AI1,0 +3(NH,0,S0O,) +3HS. 

These are, with the exception of chromium, [titanium and 
tantalum] the earths proper. The oxides of the last six metals 
are decomposed in their neutral solutions by the action of hydro- 
sulphuric acid, water being formed, and a sulphide insoluble in 
water, ex. gr. 

MnO,SO, -+ HS = Mn8S+ HO, SO,. 

These metals decompose water in the presence of acids, with 
evolution of hydrogen; their sulphides disengage, under the 
same circumstances, hydrosulphuric acid: sulphide of nickel, 
and sulphide of cobalt, however, are only with difficulty soluble 
in dilute mineral acids. 

In consequence of their behaviour with the common reagents, 
the oxides and sulphides of ‘the metals of this group may be 
arranged under the following subdivisions. 


1. [Oxides which are either quite insoluble in hydrochloric 
acid, or which may by boiling be precipitated from their 
acid solution: titanic acid, tantalic acid. | 


* We might add to these lanthanum, and didymiwm, erbiwm, and terbiwm, which 
respectively resemble ceriwm and ytirvwm, also niobiwm, which was formerly mistaken 
for tantalum. We have omitted these, as their chemical reactions are not yet 
sufficiently known. 
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2. Sulphides which are insoluble, or soluble with great diffi- 
culty in dilute hydrochloric acid: sulphide of nickel and 
sulphide of cobalt. 

3. Oxides which are not precipitable by ammonia after addi- 
tion of chloride of ammonium to their solution : protoxides 
of nickel, cobalt, zinc, iron and manganese. 

4. Oxides which, in the absence of ammoniacal salts, are pre- 
cipitated by the fixed caustic alkalies, and which are inso- 
luble in an excess of the precipitant: protowxide of nickel 
and of cobalt, protoxide and peroxide of iron, protoxide 
of manganese, | peroxide of uranium, protoxide and per- 
oxide of cerium, yttria, zirconia. | 

5. [Oxides soluble in thefixed caustic alkalies, and in carbonate 
of ammonia: glucina. | 

6. [Oxides insoluble in the alkahes but soluble in carbonate 
ofammonia : peroxide of uranium, protoxide and peroxide 
of cerium, yttria, thorina and zirconia. | 

7. {Oxides which are precipitated from their acid solutions by 
sulphate of potassa KO, SO, im the form of a double 
salt: protoxide and peroxide of cerium, zirconia, thorina, 
ytiria. | | 


These peculiarities form the basis of the qualitative analysis 
of this group, the details of which are explained below. 


The special behaviour of the individual members of this group 
with reagents, which affords us the means of confirming the 
presence of one or other of them, 1s as follows :— 


I.—METALS WHICH ARE PRECIPITATED BY SULPHIDE OF 
AMMONIUM AS OXIDES. 


1. Soluble in Potassa. 
ALUMINA, [GLUCINA,] AND OXIDE OF CHROMIUM. 
a. ALUMINA. 
: Al, O 3 e 
Alumina forms with acids colourless salts, which for the most 


part are soluble in water, have an acid reaction, and lose their 
acid by ignition, if it be volatile. Most compounds of alumina 
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insoluble in water, may be dissolved in acids; the natural alumi- 
nates, undecomposable by acids, are decomposed by fusion 
with the alkaline carbonates, or with disulphate of potassa, 
KO, SO,+HO, SO, by which the alumina is rendered soluble 
in acids. | 

Fixed caustic alkalies throw down from solutions of alumina 
in acids, basic salts, as gelatinous precipitates, which redissolve 
in excess of alkali. The alumina may be again completely 
precipitated from its alkaline solution, on addition of chloride of 
ammonium, or better, by neutralising with hydrochloric acid 
and adding ammonia. 

The alkaline carbonates and ammonia (the former with evolu- 
tion of carbonic acid) precipitate alumina from its solutions in 
the form of hydrate ;:HO, Al, O,; this precipitate is soluble in a 
concentrated solution of carbonate of soda, it is very little soluble 
in caustic ammonia, and less so in carbonate of ammonia. 

Phosphate of soda precipitates alumina from its slightly acid 
solutions as a phosphate, which comports itself with acids and 
alkahes like pure alumina. 

When silicate of potassa (soluble glass) is added to a solution 
of alumina or phosphate of alumina in caustic potassa, a precipi- 
tate of silicate of alumina is formed; in the latter case phos- 
phoric acid remains in solution. 

On heating an alumina-salt before the blowpipe, moistening 
with cobalt solution, and again igniting strongly, the mass 
assumes a beautiful blue colour. 


[b. GLUCINA.] 
Be O. 


Glucina comports itself with almost all reagents like alumina ; 
it is however distinguished from alumina by its being preci- 
pitated from its solution in dilute potassa by continuous boiling, 
and by its solubility in alkaline carbonates. Nevertheless these 
carbonates first produce a voluminous precipitate of carbonate 
of glucina, which then dissolves in a great excess of the preci- 
pitant. Carbonate of ammonia dissolves the hydrate and the car- 
bonate of glucina more readily than the fixed alkaline carbonates, 
from which solution the carth is reprecipitated by boiling. 
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When moistened with codalt-solution and ignited, the salts of 
glucina yield a grey mass. 


’ ce. OXIDE OF CHROMIUM. 
Cr, O 

Oxide of chromium, after ignition, is almost insoluble in 
acids, but when freshly precipitated, or dried only at a gentle 
heat, it is easily soluble in acids. The salts are beautifully green 
or violet under reflected, but appear red by transmitted, light ; 
those which are not soluble in water dissolve easily in hydro- 
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chloric acid. 

Ammonia precipitates from the solutions of this oxide a bluish- 
green hydrate 3 HO, Cr,O,, which dissolves to a small amount 
in strong ammonia, forming a pink solution. 

Carbonate of ammonia produces the same effect. 

Fixed caustic alkalies precipitate hydrate of the oxide, which 
dissolves easily and completely in the cold to a green liquid in an 
excess of the precipitant. After continuous boiling it falls down 
again completely as anhydrous oxide, leaving the solution 
colourless. | 

The oxide of chromium and all its compounds on fusing with 
nitre in. presence of an alkali may be easily converted into chromic 
acid, which combines with the alkali and dissolves in water. 

The chromium compounds impart a beautiful emerald-colour 
to borax NaO, 2 BO, and phosphorus salt* (phosphate of soda 
and ammonia) NaO, ‘NH, O, HO, PO, in both the flames of 
the blowpipe. 

2. Insoluble in Potassa. 


[THORINA, YTTRIA, PROTOXIDE OF CERIUM, ZIRCONIA, TITANIC 
ACID.] 


[a. THORINA.] 
Th O. 


This very rare earth, when in the state of freshly precipitated 
hydrate, is easily soluble in acids, but after having been dried, it 
dissolves with difficulty, and after bemg ignited, only in hot 
sulphuric acid. 


* A laboratory term. 
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Fixed caustic alkahes produce in solutions of thorina a 
voluminous precipitate, which is quite insoluble in the alkali. 

The alkaline carbonates precipitate a basic carbonate of thorina, 
which dissolves readily in an excess of the precipitant. 
An excess of sulphate of potassa produces after some time 
with thorina salts a double compound of sulphate of potassa 
and thorina, which is quite msoluble in a concentrated solution 
of the potassa-salt. 


[o. YTTRIA.] 
10, 


Yttria is soluble in acids, even after ignition; its solutions 
comport themselves with reagents almost exactly like thorina, 
it is however distinguished from thorina by the double sulphate 
of yttria and potassa being soluble in a large quantity of water, 
and in a dilute solution of sulphate of potassa. 


[c. PROTOXIDE AND PEROXIDE OF CERIUM. ] 
Ge Ovand'Ce, (O,- 


This metal is always contained in its saline solutions, after 
heating with hydrochloric acid, in the form of protoxide, since, 
when peroxide is present, it is with evolution of chlorine re- 
duced to protoxide. The protosalts, when concentrated, are of 
an amethyst colour. 

The caustic alkalies precipitate this oxide as hydrate, which is 
insoluble in an excess of the precipitant, and becomes yellow on 
exposure to the atmosphere. 

Soluble carbonates precipitate carbonate of protoxide, which is 
slightly soluble in an excess of the precipitant. 

Sulphate of potassa throws down after some time a white 
crystalline double-salt, which is insoluble in an excess of sul- 
phate of potassa. 

The protoxide is converted into peroxide before the blow- 
pipe, and gives with borax and phosphorus salt a red bead in 
the oxidizing flame, the colour of which on cooling disappears 
partially, but is lost entirely, when exposed to the reducing 
flame. 
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[d. ZIRCONIA.] 
Zr O. 


The natural compounds of zirconia are only completely 
decomposable by ignition with caustic alkalies. After igniting 
this earth by itself, it is soluble only in sulphuric acid. It 
resembles, in its chemical behaviour, thorina and yttria more 
than the other earths ; its solutions, however, form, when heated 
with sulphate of potassa, a white double-salt, which is almost 
insoluble in water and acids. It may be distinguished from 
yttria by its insolubility in acids, after having been ignited. 


[e. TITANIC ACID.] 
TRO: 

The natural compounds of titanic acid are decomposed by 
fusion with alkaline carbonates, an acid titanate being formed, 
which is perfectly soluble in cold, or shghtly heated, strong 
hydrochloric acid. ‘Titanic acid is deposited as a white sub- 
stance from this solution and from solution in acids in general 
by continuous boiling. After this it is insoluble in all acids, 
except concentrated sulphuric acid. 

It is thrown down from its solution in hydrochloric acid by 
the caustic alkahes, and their carbonates, as a white voluminous 
hydrate of titanic acid, which is insoluble in an excess of alkah, 
but dissolves completely im cold acids. 

It may also be thrown down from its solution in hydro- 
chloric acid (there bemg no great excess) by owvalic acid as an 
oxalate of titanic acid. 

Titanic acid, when precipitated either by boiling or by an 
alkali, runs through the filter as soon as the acid or the alkali 
has been washed from it, and renders the filtrate turbid. 

If metallic zine (tin or iron) is brought mto a solution of 
titanic acid in hydrochloric acid, the titanic acid is reduced by 
the nascent hydrogen to an inferior oxide, which at first dis- 
solves in the acid with a blue colour, but by the continued 
action of the zinc subsides as a violet powder. 


14 TANTALIC ACID. 


Sulphite of ammonia NH,O, SO, precipitates titanic acid 
completely from its acid solution by a gentle heat. 

Ferrocyanide of potassium K, Cy,¥Fe = K, Cfy produces in 
a solution of pure titanic acid a red-brown precipitate, but which 
is dark-green when the solution contains peroxide of iron. 

Titanic acid is not thrown down by the alkales or sulphide of 
ammonum in the presence of tartaric acid. 

Pure titanic acid gives with phosphorus salt after a continued 
exposure to the imner flame of the blowpipe, a bead, which 
assumes a violet-blue colour on cooling; this reaction, which 
is rendered easier on addition of metallic tin, disappears in 
the outer flame. 

In presence of iron the bead assumes in the inner flame a 
blood-red colour. 


3. Soluble as Hydrate in Potassa, but only slightly soluble in acids, 


[TANTALIC ACID.] 
Pa O,. 


The natural compounds of tantalic acid may be decomposed 
by fusion with hydrate of potassa, or bisulphate of potassa. 
Tantalic acid, when ignited by itself is insoluble in all acids, and 
alkalies ; its hydrate however dissolves in potassa, in hydrofluoric 
acid H¥ and in binoralate of potassa KO, O, HO,O. In sul- 
phuric and several other acids it is only slightly soluble. 

The alkaline carbonates precipitate it again from these solu- 
tions; from the solution in sulphuric acid however it is thrown 
down also by water, and in this state, after a continued diges- 
tion with strong hydrochloric acid it may be dissolved in con- 
siderable quantity. ‘The hydrochloric acid solution becomes 
turbid on boiling, or on the addition of sulphuric acid, or a 
sulphate. | 

Tantalic acid, precipitated by water from its solution in 
sulphuric acid, when brought imto contact with zine and dilute 
hydrochloric acid, dissolves and forms a fine blue liquid, which 
after some time becomes dark brown. 
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Il.—METALS WHICH ARE PRECIPITATED BY SULPHIDE OF 
AMMONIUM AS SULPHIDES. 


«. PROTOXIDE OF NICKEL. 
Ni O. 

The compounds of this, oxide with acids are green; its 
anhydrous salts, or those freed from their water of crystallisa- 
tion, are pale-yellow. | 

The solutions of these salts are not thrown down by hydro- 
sulphuric acid after acidulation with a strong mineral acid ; 
the neutral compounds of protoxide of nickel with mineral 
acids are only partially precipitated by this reagent; but after 
the addition of a sufficient quantity of an alkaline acetate, 
they are perfectly thrown down, on heating gently for some time 
and avoiding the presence of too large a quantity of acetic acid. 

Sulphide of ammonium produces in neutral or alkaline solu- 
tions of protoxide of nickel the same black precipitate; there 
remains however a small quantity of sulphide of nickel dissolved 
in an excess of this precipitant, which causes the solution after 
the subsidence of the precipitate to appear brown. Sulphide of 
nickel is difficultly soluble in hydrochloric acid, but dissolves 
readily in nitric acid or nitro-hydrochloric acid. 

Ammonia precipitates, even from neutral solutions of these 
salts, only a small quantity of the hydrate of protoxide, which 
on addition of more ammonia is redissolved, causing the origin- 
ally green solution to become blue. 

Potassa precipitates mm this solution, as well as those contain- 
ing no ammonia, an apple-green hydrate of protoxide of nickel. 

The alkaline carbonates give a pale-yellow precipitate, which 
however dissolves easily with a greenish-blue colour in an excess 
of carbonate of ammonia. 

The carbonates of the alkaline earths do not precipitate salts of 
nickel in the cold. 

Cyanide of potassium K Cy throws down a greenish-white 
precipitate of cyanide of nickel Ni Cy, which is readily soluble 
in an excess of the precipitant, the double-cyanide of nickel and 
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potassium Ni Cy, K Cy being formed. From this solution 
cyanide of nickel is again thrown down by acids (such as sul- 
phuric or hydrochloric) while the cyanide of potassium is decom- 
posed with evolution of hydrocyanic acid H Cy. 

The precipitated cyanide of nickel is soluble in an excess of 
the acid only at the boiling point. Cyanide of nickel may be 
precipitated also by free hydrocyanic acid from acetate of nickel 
or from a solution of this metal in mineral acids, to which an 
alkaline acetate has been added. 

In the exterior flame of the blowpipe, nickel-compounds impart 
to the bead of borax or phosphorus salt a reddish colour. When 
exposed with dorax to the inner flame they are reduced to metal, 
which renders the bead grey. 


6b. PROTOXIDE OF COBALT. 
Co O. 


Cobalt-salts are generally blue when anhydrous, or in con- 
centrated acid solutions, whilst dilute solutions in water are 
always of a crimson colour. 

With hydrosulphurie acid and sulphide of ammonium cobalt salts 
comport themselves like those of protoxide of nickel; the pre- 
cipitate of sulphide of cobalt CoS however is quite insoluble 
in sulphide of ammonium. ‘They are, like the nickel salts, also 
precipitated by hydrosulphuric acid in the presence of an alkaline 
acetate. 

From neutral solutions of cobalt, free from ammoniacal-salts, 
ammonia throws down a part of the protoxide as a blue basic 
salt, which after some time becomes red, but on exposure to the 
air immediately turns green and then brown; acid solutions or 
solutions containing ammoniacal salts yield with ammonia a 
clear red liquid, which quickly absorbs oxygen from the air and 
deposits the brown hydrate of the peroxide. 

Cobalt-solutions free from atmospheric air give with the fired 
caustic alkalies a flocculent blue precipitate, which on boiling takes 
a rose colour, and by exposure to the atmosphere becomes olive- 
green or dirty-violet, with absorption of oxygen. Salts of 
cobalt containmg much ammoniacal salts, excluded from the 
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atmosphere, give no precipitate with potassa, but with access of 
the air a shght brown precipitate. 

The alkaline carbonates precipitate a pink carbonate of the 
oxide, which dissolves with the same colour in an excess of 
carbonate of ammonia. 

The carbonates of the alkaline earths give no precipitate in the 
cold. : 

Cyanide of potassium precipitates from acid solutions of cobalt- 
salts a brownish-white cyanide of cobalt, Co Cy, dissolving easily 
in an excess of the precipitant, from which solution the cyanide 
of cobalt cannot be again precipitated by acids, as it exists now 
in the form of cobalticyanide of potassium, K, Co, Cy,. 

2CoCy + 3K Cy + HCy=K, Co, Cy, + H. 

If the salt of cobalt contains nickel, the addition of hydro- 
chloric acid to the solution of the cyanides produces a greenish 
precipitate, which always contains the whole of the nickel, and 
under particular circumstances all the cobalt, that is, when 
these two metals are in the proportion of 3 equivalents of nickel 
to 2 equivalents of cobalt. The precipitate consists then of 
cobalticyanide of nickel, Ni, Co, Cy,. In case of a larger 
proportion of nickel the precipitated cyanide of nickel is mixed 
with the former compound; but if the proportion of nickel 
is smaller, a part of the cobalt remains in solution as cobalti- 
cyanide of potassium. 

Borax and phosphorus salt give with salts of cobalt in both the 
flames of the blowpipe a beautiful dlwe glass, the colour of which 
is scarcely affected by the presence of other oxides of this group. 


ce. OXIDE OF MANGANESE. 


MnO. 

Most of the salts of this oxide dissolve in water, yielding 
pale rose-coloured solutions, and all of them are soluble in hydro- 
chloric acid; this oxide is formed with evolution of chlorine, 
when the higher oxides of manganese are acted on by hydro- 
chloric acid, and heated. 

No precipitate is produced by hydrosulphuric acid in solutions 
of the salts of the oxide of manganese, not even in the acetate. 

€ 
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Sulphide of ammonium precipitates the metal completely im 
the form of a bright flesh-coloured sulphide, which is readily 
soluble in strong acetic acid, and which, by absorption of oxygen 
from the air, assumes a brownish-black colour. 

The fixed caustic alkahes precipitate this metal as a white 
hydrate of the oxide, which soon becomes brown on exposure 
to the air. 

Ammonia throws down from the neutral salts only the half of 
this oxide as a white hydrate, which, in contact with the air, 
becomes brown. ‘This hydrate is soluble in chloride of ammo- 
nium, and therefore no precipitate is produced by ammonia in a 
solution containing free hydrochloric acid. A solution of a 
salt of oxide of manganese, however, containing free ammonia 
becomes turbid on exposure to the air, and deposits after a 
time all the metal in the form of brown hydrate of the sesqui- 
oxide, provided there is a sufficient quantity of ammonia present. 

Alkaline carbonates precipitate white carbonate of the oxide 
of manganese, which is very slightly soluble in chloride of am- 
monium, and becomes brown on exposure to the air. 

The carbonates of the alkaline earths do not decompose the 
salts of the oxide of manganese in the cold. 

By fusing a compound of manganese with carbonate of soda, 
upon platinum foil, the green manganate of soda is produced. This 
is one of the most delicate tests for manganese. The addition 
of a small quantity of an oxidising substance, such as nitrate or 
chlorate of potassa renders the reaction still more certain. 

With borax and phosphorus salt, the compounds of manganese 
produce in the oxidising flame of the blowpipe an amethyst- 
coloured bead, the colour of which disappears in the reducing 


flame. 
d. OXIDE OF IRON, 


Fe O. 


The salts of this oxide, in dilute solution, are colourless, 
but possess a pale greenish-blue colour in concentrated ; when 
anhydrous, they are white. They absorb oxygen from the 
air, the oxide passing into sesquioxide, which, from neutral 
solutions, is deposited as a yellow basic salt. This conversion 
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is effected more quickly and completely by oxidising agents, 
such as chlorine, hypochlorous acid, or boiling with nitric acid. 
In oxidising with nitric acid in the first stage of the process, a 
peculiar compound of binoxide of nitrogen with the remainder 
of the oxide of iron is formed, imparting a greenish-brown 
colour to the solution. The application of heat destroys this 
compound with disengagement of binoxide of nitrogen. (Test 
for nitric acid.) 

Hydrosulphurie acid forms only a very slight precipitate of 
black sulphide of iron, Fe 8, in solutions of neutral compounds 
of the oxide with strong mineral acids; in acid solutions no 
precipitate whatever is produced with the exception of the ace- 
tate (or a mixture of a salt of the oxide with an alkaline acetate) 
which is partially precipitated. 

Sulphide of ammonium throws down iron completely as a black 
sulphide, which is insoluble in an excess of the precipitant; but 
when tartaric acid or any other non-volatile organic acid is pre- 
sent, a small quantity of the sulphide remains suspended in the 
liquid, imparting to it a light-green colour; this is deposited 
however on @eating, and the liquid assumes a bright-yellow 
colour (from excess of sulphide of ammonium). Sulphide of iron 
on exposure to the air is very rapidly converted into brown 
sesquioxide. 

Fixed caustic alkalies precipitate from salts of the oxide of iron 
a white hydrate of the oxide, which, on exposure to the air, imme- 
diately becomes of a dingy green, and at last a reddish-brown 
colour. 

Ammonia precipitates the salts of the oxide ofiron only partially, 
and not at all when the solution contains a sufficient quantity of 
free acid or ammoniacal salts ; the solution, however, containing 
free ammonia absorbs oxygen from the air, and deposits a dingy 
green precipitate, which gradually passes into red sesquioxide 
of iron. 

Alkaline carbonates precipitate white carbonate of the oxide, 
which is soluble in chloride of ammonium, and comports itself 
hike the pure oxide. 

Carbonates of the alkaline earths produce no precipitate. 


C2 


2() SESQUIOXIDE OF IRON. 


Ferrocyanide of potassium forms with solutions of the salts 
of oxide of iron (absolutely free from sesquioxide and atmospheric 
air) a white precipitate of ferrocyanide of iron and potassium, 
K Fe, Cfy,. This precipitate assumes a bluish tint when small 
quantities of air or sesquioxide of iron are present, and passes 
instantaneously into Prussian blue, 4 Fe 3 Cfy, by the action of 
chlorine or nitric acid. The transformation is represented by 
the following equation :— 

8K Fe, Cfy, +40=2Fe, Cfy, +3 KO + Fe O. 

The oxide of iron separated ii the oxygen of the air is 
soon converted into sesquioxide. When chlorine or nitric acid is 
employed, chlorides or nitrates of iron and potassium are formed. 

Ferricyanide of potassium, K., Cfy,, produces with salts of 
oxide of iron immediately a beautiful blue precipitate of ferri- 
cyanide of iron, Fe, Cfy;, in which the three equivalents of 
potassium in the potassium salt are replaced by three equi- 
valents of iron. 

These two precipitates are insoluble in acids, but may be 
easily decomposed by alkalies with separation of the oxide of iron, 
and reproduction of an alkaline ferrocyanide or fetricyanide. 

Before the blowpipe, the compounds of oxide of iron exhibit 
the same character as those of sesquioxide (v. p. 21.) 


e. SESQUIOXIDE OF IRON. 
od 6, 


Almost all the salts of the sesquioxide form with water, or 


gue 


when they are not soluble in water, with hydrochloric acid, 
brownish-yellow solutions. 

Neutral solutions of sesquioxide of iron, or acid solutions in the 
presence of an alkaline acetate, are decomposed by boiling with 
the separation of hydrate of the sesquioxide. 

Metallic iron, sulphurous acid or hydrosulphuric acid reduce 
the salts of the sesquioxide to salts of the oxide, the last with 
deposition of sulphur, which renders the liquid milky. 

Fe,O0,,.3 SO, +Fe=3 (FeO, SO,) 
Fe,0,, 3 S0,+S80,.=2 (FeO, 8O,)4+2 80, 
Fe,O, 380,+HS=2 (FeO, 8O,)+ HO, SO, +S. 
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The behaviour of salts of the sesquioxide of iron with sulphide 
of ammonium is the same as that of salts of the oxide, the pre- 
cipitate containing, however, free sulphur in admixture. 

Potassa, soda and ammonia throw down from salts of the 
sesquioxide of iron hydrate of sesquioxide, 2HO, Fe,O,, 
which is insoluble in the precipitants and in ammoniacal salts ; 
the presence, however, of fixed organic acids, sugar, etc. pre- 
vents this precipitation. 

Alkaline carbonates produce the same DRS erENate with evolu- 
tion of carbonic acid. 

The salts of sesquioxide of iron are thrown down completely 
by the carbonates of the alkaline earths even in the cold. 

Phosphate of soda precipitates the white phosphate of iron, 
2 Fe, O,, 3 PO,+138aq., which becomes brown by the action 
of free alkalies, and dissolves in ammonia, a great excess of 
phosphate of soda being present. Phosphate of sesquioxide of 
iron is insoluble in acetic acid. (Separation of iron from the 
phosphates of the alkaline earths). 

Ferrocyanide of potassium forms a beautiful blue precipitate of 
ferrocyanide of iron (Prussian blue, Fe, Cfy,) which is insoluble 
in hydrochloric acid. 

3K, Cfy+2 (Fe, O,,350,)=Fe, Cfy, +6 (KO, SO,). 

Ferricyanide of potassium produces no precipitate, but it 
imparts a darker colour to the liquid. 

With borax and phosphorus salt all the compounds of iron 
produce in the outer blowpipe-flame dark-red beads, which 
become lighter on cooling. On exposure to the inner blowpipe- 
flame these beads assume a dottle-green colour, which on cooling 
disappears entirely. 

From the other members of this group iron is always 
separated in the form of sesquioxide. For this purpose the solu- 
tion of the precipitate produced by sulphide of ammonium in 
hydrochloric acid, when by its black or grey colour the presence 
of iron is indicated, is boiled with the addition of a few drops of 


nitric acid. 
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OXIDE OF ZINC. 


f. OXIDE OF ZINC. 
Zn O. 


Most salts of this oxide are soluble in water, and all of them 
in hydrochloric acid. 

From salts containing weak acids, such as acetic acid, or from 
salts with mineral acids in the presence of an alkaline acetate, 
oxide of zinc is completely thrown down by hydrosulphuric acid 
in the form of white sulphide of zinc, ZnS, which is insoluble 
in potassa ; but if the solution contains a sufficient quantity of 
free mineral acid, hydrosulphuric acid produces no precipitate. 

Sulphide of ammonium precipitates the zinc-salts completely 
as sulphides. 

Caustic alkalies throw down this oxide in the form of a white 
hydrate, HO, ZnO, which is easily soluble in an excess of the 
precipitant. 

The carbonates of the fixed alkalies produce a basic carbonate 
of zinc, 3 (HO, ZnO), 2 (ZnO, CO.), insoluble in the precipi- 
tant, but soluble in chloride of ammonium, the presence of 
which, therefore, prevents its formation. 

Carbonate of ammonia precipitates carbonate of zinc, which is 
readily. dissolved an an excess of the precipitant. 

“ The carbonates of the alkaline earths produce no precipitate 
with zinc-salts. 

The compounds of zinc, when exposed with carbonate of soda 
upon charcoal to the mner flame of the blowpipe, produce a 
white incrustation of oxide of zinc. When moistened with a 
solution of cobalt and strongly heated, they assume a green 
colour. | 

[g- SESQUIOXIDE OF URANIUM.] 
Us, (Oy: 


The salts of this sesquioxide are soluble in water or hydrochloric 
acid, forming a yellow-coloured solution. ; 

Hydrosulphuric acid reduces them to salts of the oxide which 
are easily reconverted into salts of sesquioxide by exposure to 
the atmosphere, or by the action of nitric acid even in the cold. 
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Sulphide of ammonium precipitates from salts of both the oxides 
of uranium, black sulphides of uranium, Ur 8 and Ur, §,, 
which in the first case is only slowly deposited, the solution 
remaining black for some time. 

Caustic alkahes precipitate a pale-yellow compound of the 
sesquioxide with the alkali, which is insoluble in the precipitant. 

Alkaline carbonates produce a pale-yellow precipitate, which is 
soluble in an excess of carbonate of ammonia, but is deposited 
again from this solution by boiling. 

Salts of sesquioxide of uranium, like the corresponding salts of 
iron, are precipitated by the carbonates of the alkaline earths. 

A boiling solution of sulphite of ammonia precipitates yellow 
sulphite of sesquioxide of uranium. 

Ferrocyanide of potassium produces a fine red-brown preci- 
pitate. 

The salts of the oxide of uranium exhibit exactly the same 
reaction as those of the sesquioxide ; their solutions and the com- 
pounds precipitated from them by the caustic and carbonated 
alkalies are for the most part green, with a grey or brownish tint, 
when mixed with sesquioxide. 

The compounds of uranium in the outer fiame of the blowpipe 
impart to phosphorus-salt a yellowish-green colour, to borax 
a pure yellow colour, both of which become green when heated 
in the inner flame. 


Some of the oxides of this group, namely, the oxides of 


cobalt, iron, manganese, and zinc, form double com- 
pounds with ammoniacal salts (chloride of ammonium), which 
are not decomposed and precipitated by the alkalies. The 
oxide of nickel, however, is thrown down in the presence 
of ammoniacal salts by the fixed alkalies. Sesquioxide of 
iron and uranium under the same circumstances may be 
completely precipitated even by ummonia ; but this is prevented 
by the presence of non-volatile organic acids. 

With phosphoric acid all the members of this group form 
compounds insoluble in water, but soluble in mineral acids, and, 
with the exception of oxide of zinc, they are all insoluble in the 
fixed alkalies. 
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GROUP IV. 

METALS, THE SULPHIDES OF WHICH ARE INSOLUBLE IN DILUTE 
MINERAL ACIDS, AND WHICH MAY THEREFORE BE PRECIPI- 
TATED FROM THEIR ACID SOLUTION BY HYDROSULPHURIC 
ACID. 


This group of metals is divided into two sections distinguished 
by the nature of their oxygen-, and sulphur-compounds. 


A. Metals, the oxygen- and sulphur-compounds of which pos- 
sess the properties of bases. 
Lead, silver, mercury, bismuth, copper, cadmium, 
[palladium, rhodium, and osmium.| 
The sulphides of these metals do not dissolve in the soluble 
sulpho-bases (sulphide of potassium, sulphide of ammonium). 


B. Metals, the oxygen- and sulphur-compounds of which 
possess the properties of acids. 

Antimony, arsenic, tin, gold, platinum, [iridium, 
selenium, tellurium, tungsten, molybdenum, and 
vanadium. | 
The sulphides of these metals dissolve in the soluble sulpho- 

bases, and form sulpho-salts, corresponding with their oxygen- 

salts, such as— 


Antimoniate of potassa, ; ae, SPO: 
Sulphantimoniate of sulphide of potassium . KS, SbS, 
Stannate of potassa ; is SO ane 
Sulphostannate of sulphide of sie se .  S, , 
Tungstate of potassa . KO, WO, 


Sulphotungstate of sulphide of Beene - oo, WS, 


When a solution of these sulpho-salts (in analysis we gene- 
rally obtain solutions of one of the latter class of sulphides in 
sulphide of ammonium) is treated with a free acid, the sulpho- 
acid is thrown down with its peculiar colour, with evolution of 
hydrosulphuric acid,—the product of decomposition of the 
sulpho-base. 

3 KS, SbS. +3 HCl=SbS,+3 KC1+3 HS. 
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On treating a precipitate consisting of several sulphides of 
these two divisions, as, for instance, sulphide of silver and sulphide 
of arsenic, with sulphide of ammonium at a gentle heat, the acid 
sulphide (sulphide of arsenic) dissolves, whilst the basic sulphide 
(sulphide of silver) remains insoluble ; in this manner these two 
metals may be completely separated by filtering and washing. 
From this solution in sulphide of ammonium sulphide of arsenic 
is then precipitated by hydrochloric acid, and examined by the 
pecuhar reagents. 


1. BEHAVIOUR OF THE OXIDES OF THE FIRST DIVISION OF 
THIS GROUP. 


a. OXIDE OF LEAD. 


Pb O. 

The salts of this oxide are colourless, if the acid in combina- 
tion is colourless. , 

Solutions of these salts are thrown down by hydrosulphuric 
acid and sulphide of ammonium as black sulphide of lead, PbS ; 
even its msoluble compounds, on digestion with sulphide of 
ammonium, are converted into sulphide of lead. In presence of 
much hydrochloric acid the precipitate is brown or sometimes red. 

Hydrochloric acid or soluble chlorides precipitate from mode- 
rately dilute solutions of this oxide, the white chloride of lead 
Pb Cl, which is soluble in potassa, and also in a large propor- 
tion of water. 

Sulphuric acid and soluble sulphates throw down white sul- 
phate of lead, PbO, SO,. 

Solutions of oxide of lead give, with chromates, a yellow 
precipitate of chromate of lead: with arseniates, phosphates, 
and oxalates, the corresponding salts of lead, all of which are 
white. Of these precipitates, the sulphate and chromate are 
insoluble in dilute nitric acid, while the others are slightly 
soluble in the same; all, however, dissolve in the fixed caustic 
alkalies. 

Ammonia throws down from salts of lead, with the exception 
of the acetate, the white hydrate of the oxide, which is insoluble 


in an excess of the precipitant. 
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Fixed caustic alkalies produce the same precipitate, which is 
however soluble in a great excess of the alkali. 

The alkaline carbonates precipitate carbonate of lead, msoluble 
im an excess of the precipitant, but soluble in caustic potassa. 

All compounds of lead, on heating before the blowpipe with a 
reducing agent (such as carbonate of soda or cyanide. of potas- 
sium), yield a malleable metallic globule and a yellow incrusta- 
tion of oxide. 

6. OXIDE OF SILVER. 
Ag O. 

Almost all the silver-salts are colourless, and with a few 
exceptions leave, after ignition, metallic silver. 

They are decomposed with precipitation of silver by many 
metals, as zinc, iron, copper, etc.; also by sulphate of oxide of 
iron, chloride of tin, sulphurous acid, and various organic com- 
pounds. 

Hydrosulphuric acid and sulphide of ammonium precipitate 
black sulphide of silver, Ag S. 

Hydrochloric acid or soluble chlorides throw down white 
curdy chloride of silver, Ag Cl, easily soluble in ammonia, 
insoluble in nitric acid. 

Fixed caustic alkalies give a brown precipitate of oxide of 
silver. 

Ammonia does not give any precipitate with acid silver solu- 
tions ; neutral solutions it renders slightly turbid. 

The alkaline carbonates precipitate white carbonate of silver, 
which is soluble in an excess of carbonate of ammonia. 


c. SUBOXIDE OF MERCURY. 
Hg, O. 

The neutral salts of suboxide of mercury are white ; the basic 
salts are yellow. 

Some of the neutral salts are decomposed by water with 
separation of basic salts. The subsalts of mercury are reduced 
by many metals, such as zinc, iron, copper, etc.; also by sul- 
phate of oxide of iron, chloride of tin, sulphurous acid, and various 
organic compounds. 


OXIDE OF MERCURY. a4 


ee 


Hydrosulphuric acid and sulphide of ammonium precipitate 
black subsulphide, Hg,S, which is insoluble in sulphide of 
ammonium. Potassa decomposes it, forming sulphide of mereury 
and separating metallic mercury. 

Hydrochloric acid and soluble chlorides throw down from these 
salts white subchloride of mercury, Hg, Cl, which the caustic 
alkahes convert into black suboxide. 

The same precipitate, Hg, O, is obtained by means of caustic 
alkalies from solutions of subsalts of mercury. 

The alkaline carbonates produce a precipitate of carbonate of 
suboxide of mercury. 


Oxide of lead, oxide of silver, and suboxide of mercury, 
are the only oxides of this group which may be precipitated 
from their solution partially (lead) or completely by hydrochloric 
acid. Chloride of lead is easily recognised by being soluble in 
water, chloride of silver by being soluble in ammonia, and 
separated from this solution by nitric acid; subchloride of 
mercury by being blackened by ammonia. 


d. OXIDE OF MERCURY. 
He O. 

In regard to colour and behaviour with water the salts of the 
oxide of mercury resemble very much the salts of suboxide. 
They are reduced to the metallic state by the same substances, 
passing generally at first mto suboxide. 

Hydrosulphuric acid and sulphide of ammonium precipitate 
black sulphide of mercury, HgS, which is soluble in caustic 
potassa, only when much sulphide of ammonium is present. On 
the addition of a small quantity of hydrosulphuric acid, or 
sulphide of ammonium, the precipitate is white, bemg a com- 
pound of sulphide of mercury with the undecomposed mercury- 
salt, ex. g. 2 HgS+HgCl. On adding more hydrosulphuric 
acid this compound is decomposed, and all the mercury is 
thrown down as black sulphide. This is the only sulphide of 
this group which is insoluble in boiling concentrated nitric acid ; 
it dissolves, however, easily in nitro-hydrochloric acid. 

Ammonia and carbonate of ammonia give a white pre- 
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cipitate with salts of oxide of mercury, which is a com- 
pound of amidide of mercury with undecomposed mercury-salts, 
ex. g. 2 HgCl+NH,=(HgNH,, HgCl)+HCl. 

The fixed alkales throw down a yellow hydrate of the oxide, 
HO, HgO, but when ammoniacal salts are present, the ammonia 
which is set free precipitates the above-mentioned amidogen 
double compounds. 

The carbonates of the fixed alkalies produce a similar effect. 

All compounds of mercury, when heated in a glass tube 
(closed at one end) with an alkaline carbonate, are decomposed 
with separation of small globules of metallic mercury, which 
may be easily recognised with the assistance of a small lens. 
The experiment succeeds best when the carbonate is previously 
shghtly moistened. 

Mercury, when in neutral or slightly acid solution, may also 
be detected by reduction to the metallic state by means of 
another metal. Strips of perfectly bright copper-foil are 
selected for this purpose, upon which, after a short time, the 
mercury is deposited as a grey coating, which, on being rubbed, 
assumes a metallic lustre and disappears when heated. 


e TEROXIDE OF BISMUTH. 
Bi O,. 

Most compounds of this oxide are colourless ; all are soluble 
in dilute mineral acids. These solutions, unless a very great 
quantity of acid be present, are decomposed by much water 
with the formation of an acid compound, which is soluble, and 
a basic compound, which is nearly insoluble. Terchloride of 
bismuth most strikingly exhibits this behaviour, for which reason 
the nitric acid solution of the oxide to be examined is evaporated 
with a slight addition of hydrochloric acid, in order to convert 
the nitrate ito chloride. If now, the solution, not quite 
evaporated to dryness, is poured into a large quantity of water, 
the presence of bismuth causes a precipitate of basic chloride o 


bismuth. ’ 
3 Bi Cl,+6 HO=Bi Cl,, 2 BiO,+6 H CL. 


The free acid, however, still retains a small quantity of ter- 


oxide in solution. 
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Hydrosulphuric acid and sulphide of ammonium throw down 
the brownish-black tritosulphide of bismuth, Bi S,. 

The alkalies precipitate a white hydrate insoluble in excess. 

The alkaline carbonates give a precipitate of carbonate of 
bismuth shghtly soluble in an excess of the carbonate. 

Chromate of potassa throws down yellow chromate of bis- 
muth, soluble in nitric acid, but insoluble in caustic potassa. 

Compounds of bismuth, when heated upon charcoal in the 
inner flame of the blowpipe, with reducing agents, yield a 
brittle metallic globule and a yellow incrustation. 


f. OXIDE OF COPPER. 


Cu O. 

The salts of this oxide, when anhydrous, are white ; when in 
the state of hydrate in solution most of them are blue. Chloride 
of copper is emerald-green. | 

By several metals, especially by iron, copper may be thrown 
down from its solutions in the metallic state. <A bright iron 
rod becomes covered with a copper-red coating, even when a 
very small quantity of copper is present, provided the solution 
be neutral or only very slightly acid. 

Hydrosulphuric acid or sulphide of ammonium precipitates 
black sulphide of copper, which is only slightly soluble in the 
latter. 

Fixed caustic alkalies throw down in the cold, blue hydrate of 
oxide of copper, HO, CuO, which, on boiling, loses the water 
and becomes black. 

Ammonia precipitates at first a green basic salt or blue 
hydrate of the oxide, which dissolves in excess of ammonia 
with a beautiful azure-blue colour. In the presence of very small 
quantities of copper, this colour is only perceived by looking 
through a considerable body of the fluid. 

Carbonate of ammonia acts with copper-salts lke caustic 
ammonia. 

The carbonates of the fixed alkalies throw down a greenish- 
blue basic carbonate of copper, which, by boiling with an excess 
of alkali, is converted into black oxide of copper. 


30 OXIDE OF CADMIUM. 


Cyanide of potassium precipitates a yellowish-green cyanide of 
copper, Cu Cy, soluble in excess of cyanide of potassium. 

Ferrocyanide of potassium produces even in very dilute solu- 
tions a dark purple-red precipitate of ferrocyanide of copper, 
Cu, Cfy. 

By boiling with alkaline sulphites, with salts of owide of iron, 
and with many organic substances (such as sugar), salts of 
oxide of copper, especially when free alkali is present, are easily 
reduced to suboxide. 

Salts of copper, when heatBa in the oxidising ataé of the 
blowpipe, impart to borax” and phosphorus-salt a beautiful green 
colour, becoming Jdlwe on cooling; in the reducing flame 
(especially on addition of some tin) these beads become colour- 
less, assuming generally on cooling a dirty brown-red colour. 

Compounds of copper, when heated upon charcoal with 
reducing agents, yield metallic copper, by which process even 
mere traces of this metal may be detected with certainty. 


g- OXIDE OF CADMIUM. 
Cd O. 


The compounds of oxide of cadmium are white, and soluble 
in water or hydrochloric acid. 

Hydrosulphuric acid and sulphide of ammonium produce, even 
in strongly acid solutions, an orange-yellow precipitate of sul- 
phide of cadmium, CdS, which is imsoluble in sulphide of 
ammonium as well as the alkalies. 

Ammonia throws down the white hydrate of this oxide, 
HO, CdO, easily soluble in an excess of ammonia; from this 
solution sulphide of cadmium is thrown down by mppeeatyh 
phuric acid. 

The fixed caustic alkalies produce the same precipitate as 
ammonia, but do not redissolve it when in excess. 

The alkaline carbonates throw down carbonate of cadmium, 
insoluble im excess of the precipitant. 

Compounds of cadmium, when exposed upon charcoal to the 
imner flame of the blowpipe, yield with reducing agents a yellow 
or reddish-brown incrustation of oxide of cadmium. 
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[h. OXIDE OF PALLADIUM. }] 


ra 0. 

Palladium dissolves in nitric acid, or nitro-hydrochloric acid, 
with a red-brown colour. 

These solutions contain a salt of the oxide. 

The anhydrous salts, when ignited by themselves, yield 
metallic palladium. They are reduced to the metallic state also 
by the action of sulphurous acid (sulphites), and by all the metals 
which precipitate silver in the metallic state. The same effect 
is produced. by the addition of a salt of oxide of iron or a formiate 
being gently heated. 

Hydrosulphurie acid and sulphide of ammonium precipitate a 
dark-brown sulphide of palladium, PdS, msoluble in sulphide 
of ammonium. 

Hydriodic acid, H1, and iodide of potassium, KI, precipitate 
black iodide of palladium, PdI, which, however, is not formed 
immediately in very dilute solutions. 

Cyanide of potassium and cyanide of mercury, Hg Cy, yield a 
yellowish-white gelatinous precipitate of cyanide of palladium, 
Pd Cy, which is soluble in a large quantity of hydrochloric acid. 

Ammonia added to nitrate of palladium produces only a 
discoloration, but no precipitate, whilst with chloride of 
palladium it precipitates a compound of chloride of palladium 
and ammonia, Pd Cl, NH,, which dissolves again in an excess 
of ammonia. 

The fixed caustic alkahes and their carbonates precipitate a 
yellowish-brown basic salt, soluble in an excess of the precipitant. 

Carbonate of ammona produces the same efiect. 


[72 SESQUIOXIDE OF RHODIUM.|] 
R, O,. 

Rhodium and anhydrous sesquioxide of rhodium are insoluble 
in all acids. This metal, however, when alloyed with either 
platinum, copper, lead, or bismuth, dissolves in nitro-hydro- 
chloric acid. Both the metal and its oxide dissolve on fusion 
with bisulphate of potassa, or on heating a mixture of both with 
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chloride of sodium to redness, and passing a stream of chlorine 
over it. 

The solutions of sesquioxide of rhodium are generally of a 
beautiful rose-red colour; the solution obtained by fusion with 
bisulphate of potassa is yellow, but becomes red on digestion 
with hydrochloric acid. 

Hydrosulphuric acid throws down from the salts of rhodium a 
brown. sesquisulphide, R,S,. This precipitate appears only 
after a short time, and the supernatant liquid remains red for 
some time. 

Sulphide of ammonium acts like hydrosulphuric acid. Sul- 
phide of rhodium is insoluble in an excess of sulphide of 
ammonium. 

Ammonia and carbonate of ammonia throw.down after some 
time a yellow double compound of sesquioxide of rhodium and 
ammonia, which is soluble in hydrochloric acid. 

The fixed caustic alkalies and their carbonates give after long 
boiling a yellowish-brown precipitate. 

The red colour of the solutions of this sesquioxide (which after 
treatment with hydrosulphuric acid is still visible) and its in- 
solubility in acids distinguish rhodium from all other metals. 


[k. OXIDES OF OSMIUM.] 
Os O, Os O,. 

Metallic osmium, especially in the state of fine powder, when 
ignited in atmospheric air or oxygen, is converted into osmic 
acid, Os O,, the vapour of which resembles chlorine and iodine, 
but is even more insupportable. 

The inferior oxides, when ignited in contact with air, are also 
converted into osmic acid. { 

Osmium dissolves in nitric and nitro-hydrochloric acid, osmic 
_ acid volatilising, which may be easily recognised by its suffocat- 
ing smell. 

Solutions of the salts of oxide of osmium and of osmic acid 
in water, acids and alkalies, are precipitated by hydrosulphuric 
acid as a brownish-black sulphide, which is insoluble in sulphide 
of ammonium. 

Osmic acid in solution is reduced to the metallic state by most 
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of the metals, even by mercury, by sulphate of oxide of iron, by 
the sulphites, which render the liquid blue, and by many 
organe compounds, such as alcohol, ether, fats, formic acid, ete. 

When metallic osmium, or a platinum ore containing osmium, 
is heated upon the edge of a piece of platinum foil in a spirit 
flame, the osmic acid, which is formed, is immediately again 
reduced to metal and greatly increases the illuminating power 
of the flame. 

Osmium, rhodium, and palladium, are very rare metals; 
they are but seldom found except in ores of platinum, and then 
in company with iridium; it is therefore seldom necessary to 
search for these metals, except in the residue of platinum ores. 
In the state of pure salts they are easily recognised by the tests 
above mentioned. 


BEHAVIOUR OF THE METALS OF THE SECOND DIVISION. 


The comportment of these metals and their compounds with 
acids, the colour of their sulphides, etc., enable us to divide them 
into the following subdivisions. 


1. SUBDIVISION. 
ANTIMONY, TIN, ARSENIC. 


These three metals are soluble in nitro-hydrochloric acid. 
Antimony and tin are converted by strong nitric acid mto 
white oxides, which are insoluble in an excess of the acid; 
arsenic dissolves in nitric acid in the form of arsenic acid. The 
solutions of their sulphides in sulphide of ammonium are thrown 
down by free acids, antimony as an orange red, tin and arsenic 
as yellow precipitates. 


2. SUBDIVISION. 


PLATINUM, [IRIDIUM,] GOLD. 

These metals are soluble only in nitro-hydrochloric acid, and 
not at all affected by nitricacid. The solutions of their sulphides 
in sulphide of ammonium are thrown down by free acids as 
black or brownish precipitates. All their compounds, when 
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ignited, yield pure metal, as a porous mass (sponge), or a bright 
powder. 
3. SUBDIVISION. 
[SELENIUM, TELLURIUM. } 


These two bodies are volatile, and exhibit a peculiar smell 
when exposed to the air, somewhat resembling that of arsenic. 
They are easily soluble in nitric acid ; this solution contains sele- 
nious and tellurous acids, which, on being heated with sulphurous 
acid, are reduced to selenium (red) and tellurium (black). 

With hydrosulphuric acid insoluble precipitates are produced of 
sulphide of selenium (reddish-yellow), and sulphide of tellurium, 
(black). 

4. SUBDIVISION. 


[TUNGSTEN, VANADIUM, MOLYBDENUM. ] 


The higher oxides of these three metals are easily reduced to 
lower ones, remaining in solution, generally with a fine blue 
colour, by reducing agents, tungstic and molybdic acid by 
metallic zinc, vanadic acid by hydrosulphuric acid. 


1. SUBDIVISION. 


a. OXIDES OF ANTIMONY. 
TEROXIDE OF ANTIMONY. 


Sb O,. 


Metallic antimony is volatile, but only at an intense red heat, 
and in a current of air or gas before the blowpipe, it may easily 
be fused into a globule with a bright metallic surface, which by 
continued blowing is completely volatilised with disengagement 
of white inodorous fumes of teroxide of antimony. 

The globule is brittle, and may be powdered. 

By the action of nitric acid upon antimony, according to the 
concentration of the acid, teroxide of antimony, or antimonic 
acid, or a mixture of both, is formed, insoluble in an excess of 
nitric acid, but soluble in tartaric acid. On fusing antimony 
or a compound of antimony with nétre, antimonic acid is formed ; 
in the case of sulphur being present in this compound, sulphuric 
acid at the same time is produced. | 
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Antimony 1s readily dissolved in nitro-hydrochloric acid ; this 
solution contains quinquichloride of antimony, Sb Cl,. 

Tersulphide of antimony is dissolved instrong hydrochloric acid 
with disengagement of hydrosulphuric acid. The solution con- 
tains the terchloride, Sb Cl,. 

The compounds of teroxide of antimony with acids are 
decomposed by the addition of a large quantity of water, a 
white basic salt being separated, ex. gr. 

6 SbCl, +15HO=15 HCl + SbCl,, 5 SbO,. 

The liberated acid however contains always a certain quantity 
of teroxide in solution. Tartaric acid readily dissolves this basic 
compound, or prevents its formation; this constitutes a dis- 
tinction between the salts of antimony and bismuth. 

Hydrosulphuric acid separates the antimony completely from 
the acid solutions of the teroxide in the form of tersulphide, 
SbS°, which is readily soluble in potassa and sulphide of 
ammonium, very little soluble in ammonia, and insoluble m 
bicarbonate of ammonia. | 7 

Ammonia and carbonate of ammonia, (the latter with disen- 
gagement of carbonic acid) throw down teroxide of antimony 
completely ; the precipitate is insoluble in an excess of the 
precipitant. 

The fixed caustic alkalies likewise precipitate teroxide, which 
dissolves however in an excess of the alkali. 

This deportment is modified to a certain extent by the pre- 
sence of tartaric acid. The solution of the double tartrate of 
antimony and potassa (tartar emetic) is not precipitated by the 
alkalies and their carbonates, or only after the lapse of some 
time ; in presence however of a mineral acid, hydrosulphuric 
acid separates from this solution all the metal. In the solution 
of this double tartrate, hydrochloric, nitric, and sulphuric acids 
produce white precipitates, which are soluble in an excess of 
hydrochloric. 

Metallic zinc precipitates from salts of teroxide of antimony 
the metal as a black powder, and in the presence of nitric acid 
also teroxide. 

If a salt of teroxide of antimony meet with sulphuric acid and 
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zinc, antimony unites with the nascent hydrogen and terhydride 
of antimony (antimonietted hydrogen), Sb H,, is disengaged, 
which is an inodorous gas and burns in contact with the atmo- 
sphere with the formation of water and teroxide of antimony. 
On depressing a cold porcelain surface upon the flame of this 
gas metallic antimony is deposited as a black spot without 
lustre. 

A similar reaction is produced on passing terhydride of 
antimony through a glass-tube and heating the middle of the 
tube by a spirit lamp; in this experiment a shining metallic 
mirror is obtained, which is converted into sulphide of antimony 
on being gently heated in an atmosphere of dry hydrosulphuric 
acid. 

Sulphides of antimony may be easily distinguished from 
similar compounds by dry hydrochloric acid, hydrosulphuric 
acid, and volatile chlorides of antimony being produced. 


ANTIMONIC ACID. 
Sb O,. 

Antimonic acid forms insoluble or slightly soluble salts with 
almost all bases. When freshly precipitated this acid dis- 
solves best in potassa. | 

On fusing antimonic acid with an excess of alkali (or what is 
the same, metallic antimony or tersulphide of antimony, with nitre 
and an alkaline carbonate) a white mass is obtained, from which 
water dissolves a small quantity of a basic antimoniate of potassa, 
leaving an insoluble residue behind, which is an acid salt. 

Acids, especially nitric acid, precipitate the antimonic acid 
completely from the alkaline solution. 

Hydrosulphuric acid throws down from acid solutions of anti- 
monic acid, orange-yellow quinquisulphide of antimony, Sb 
S,. Alkaline solutions are not precipitated by this reagent. 

All compounds of antimony, when exposed with cyanide of 
potassium, or carbonate of soda to the reducing flame of the 
blowpipe, yield globules of the brittle metal, a quantity of which 
bemg burned and volatilised, forms a white incrustation of the 
teroxide on the charcoal. 


OXIDE OF TIN. a7 


6. OXIDES Of TIN: 
OXIDE OF TIN. 
Sn O. 

Metallic tin dissolves in hot hydrochloric acid with dis- 
engagement of hydrogen, a chloride, Sn Cl, bemg formed, 
which corresponds to the oxide; the solution of tin in 
nitro-hydrochloric acid contains the bichloride, Sn Cl,, cor- 
responding to the binoxide. Nitric acid converts metallic tin 
into hydrate of the binoxide, which is insoluble in the acid. 

Salts of oxide of tin, when exposed to the atmosphere, 
pass by absorption of oxygen into salts of the binoxide. 

Hydrosulphuric acid and sulphide of ammonium produce in 
salts of oxide of tin a dark-brown precipitate of sulphide of 
tin, Sn §, soluble in a large excess of sulphide of ammonium, 
if this reagent contains a sufficient amount of sulphur to con- 
vert the sulphide into the bisulphide Sn 8,. Acids precipitate 
from this solution yellow bisulphide. 

Ammonia and carbonate of ammonia throw down a white 
hydrate of the oxide of tin, which is insoluble in an excess of 
the precipitant. 

The fixed caustic alkalies and their carbonates precipitate the 
same hydrate, which dissolves in an excess of the alkah, (but 
not in the alkaline carbonate), from which solution half the quan- 
tity of tin is separated by heat in the form of a black powder, 
binoxide of tin remaining in solution. 

2 Sn O+2 KO=Sn+2 KO+4 Sn O,. 

Salts of oxide of tin, by their tendency to absorb oxygen, 
are powerful reducing agents (in general the chloride is em- 
ployed) ; salts of sesquiovide of iron and of oxide copper are 
respectively converted into salts of the oxide and suboxide; salts 
of mercury, silver and gold, are reduced to the metallic state. 
Salts of oxide of tin decompose sulphurous acid, a salt of the bi- — 
noxide and bisulphide of tin being formed at the same time. 

6 Sn 0+280,=5 Sn 0, 4+8n8,. 


BINOXIDE OF TIN. 
Sn Q,. 


Binoxide of tin exists under two different modifications, that 
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is, insoluble and soluble, the properties of which may be traced 
even in their compounds with acids. 

The insoluble modification exists m the hydrate of bmoxide 
of tin, HO, Sn O,, which is formed by the action of nitric acid 
upon metallic tm. In this state binoxide of tin combines with 
acids forming salts, which are quite msoluble in acids; when 
separated from the excess of acid, however, they dissolve in 
water, but from this solution they are again precipitated by the 
acid. After ignition this binoxide no longer combines with acids. 

The soluble modification is always formed by fusing the in- 
soluble one with an excess of caustic or carbonated alkali. It 
18 easily soluble in acids. Caustic alkahes precipitate from this 
solution soluble hydrate of binoxide. 

Hydrosulphuric acid precipitates from salts of binoxide of tin, 
particularly on gently heating, yellow bisulphide of tin, which is 
soluble in sulphide of ammonium, in ammonia, potassa, and 
carbonate of potassa. 

Ammonia and potassa produce a white precipitate of hydrate 
of binoxide, readily soluble in an excess of the precipitant, if 
the salt contains the soluble modification; but difficultly soluble 
or insoluble, if it contains the insoluble one. 

Carbonate of potassa produces the same precipitate as potassa 
or ammonia, which is also soluble in an excess of the precipi- 
tant; all the binoxide of tin, however, is separated again 
completely from this solution by boiling. 

When heated on charcoal with carbonate of soda and cyanide 
of potassium, 11 the inner flame of the blowpipe, all tin com- 
pounds yield globules of ductile metal, without imcrustation of 
oxide. 


c. OXIDES OF ARSENIC. 
ARSENIOUS ACID. 


ee 


Arsenic, when heated in contact with the-atmosphere, is 
transformed into arsenious acid with a characteristic garlic-odour. 
If the experiment be conducted in a glass tube open at both ends 
and held obliquely, the arsenious acid is deposited on the cool 
surface of the upper part of the tube, in the form of a white in- 
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crustation. Strong nitric acid or nitro-hydrochloric acid converts 
arsenic, and arsenious acid, into arsenic acid, As O, ; the same 
acid is formed by the action of these oxidising agents upon sul- 
phides of arsenic, sulphuric acid being formed at the same time. 

Arsenious acid is either white like porcelain or transparent 
hke glass. The vapour of this compound is perfectly imodorous ; 
the characteristic smell being perceptible only if arsenious acid 
be evaporated on charcoal or iron, or in general on some support 
exercising a reducing effect. Arsenious acid is slightly soluble 
in water, but is readily soluble in hydrochloric acid and the 
fixed caustic alkalies. 

A solution of arsenious acid in water acquires only a yellow 
tint by the action of hydrosulphuric acid, but in the presence of 
free acid (hydrochloric acid) the arsenic is completely precipitated 
in the form of tersulphide of arsenic (sulpharsenious acid), 
As8,. The deportment of tersulphide of arsenic with other 
bodies is so important in analytical chemistry that we must 
treat of it somewhat in detail. 

Tersulphide of arsenic, especially when recently precipitated, 
is soluble in caustic and carbonated alkalies, and in alkaline sul- 
plides ; it dissolves readily in boiling nitric acid, but not in 
hydrochloric acid. 

The solution of tersulphide of arsenic in potassa contains 
arsenite of potassa and a double compound, sulpharsenite of 
sulphide of potassium. 

2As8, +5KO =2 KO, AsO, +3 KS, As5,. 

When tersulphide of arsenic is fused with a carbonated alkali 
the same decomposition takes place. On passing the vapours 
of tersulphide of arsenic over lime heated to redness, sulphide of 
arsenic and calcium, and arseniate of lime are formed, with sepa- 
ration of arsenic. 

If in this experiment the lime or carbonated alkali be mixed 
with charcoal, this charcoal oxidises at the expense of the alkah, 
the metal of which being liberated combines with the sulphur 
of the sulphide of arsenic. Thus arsenic is set free, the sulphide 
of the alkali-metal combining with the sulphide of arsenic 
remaining undecomposed. 
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The same deportment is observed on heating a mixture of 
sulphide of arsenic and carbonated alkali in a current of dry 
hydrogen gas. 

Tersulphide of arsenic, when fused with cyanide of potassium, 
loses all its sulphur, sulphocyanide of potassium being formed 
with the liberation of arsenic. 

2As8, + 3KCy=3K CyS, +2 As. 

The reduction of arsenic by means of carbonate of soda or 
cyanide of potassium, * is very well effected by introducing the 
mixture into a glass tube drawn out into along and open point, 
and heating to redness, while a stream of dry hydrogen or 
carbonic acid gas (the latter in the case of cyanide of potassium) 
is passed over it. Arsenic is deposited on the cold surface of 
the narrow part of the tube in the form of a black mirror. 

A similar reduction takes place on strongly heating in a thin 
tube, the sealed end of which is blown out to a small bulb, 
sulphides of arsenic, arsenites or arseniates with a mixture of 
equal parts of cyanide of potassium and dry carbonate of soda. 
In this experiment the oxides of arsenic yield cyanate of 
potassa. 

2 AsO, + 3K Cy = 3 (KO, Cy O) + 2 As. 

When a solution of tersulphide of arsenic in sulphide of 
potassium is mixed with a salt of copper, lead, or silver, these 
metals are converted into sulphides, arsenite of potassa being 
formed. 

KS, As8, +4Ag0O = 4AgS8S + KO, AsO,. 

Quinguisulphide of arsenic, when treated in this manner, 
yields arseniate of potassa. 

‘KS, AsS, +6AgO=6AgS 4+ KO, AsO,. 

Nitrate of silver produces in neutral salts of arsenious acid 
a yellow precipitate of arsenite of silver, 2 Ag O, As O,, soluble 
in nitric acid and ammonia. 

Sulphate of copper precipitates yellowish-green arsenite of 
copper, 2 CuO, As O,. 


* The experiment succeeds best by using J part of sulphide of arsenic and 12 parts 
of a mixture of 1 part of cyanide of potassium and 3 parts of carbonate of soda well 
dried. 
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Lime water, or soluble lime-salts, precipitate white arsenite 
of lime,.2 CaO, AsQ,. 

All insoluble salts of arsenious acid dissolve in ammoniacal 
‘salts ; the presence of which prevents therefore the formation of 
the above-mentioned precipitates. 

Arsenite of potassa, when heated with sulphate of copper and 
an excess of caustic potassa, is decomposed into arseniate of 
potassa and suboxide of copper. 


K O, As O, + 4(CuO,8O0,)+4KO=KO, AsO, +2Cu,O 
+4 (KO, 8S0QO,). 

The precipitate of red suboxide of copper, which (on applica- 
tion of agentle heat) separates from a solution of arsenious acid 
in potassa, to which a few drops of sulphate of copper have been 
added, will be perceptible, even if the quantity of arsenious 
acid be very minute. 

Arsenic combines with hydrogen when in the nascent state, 
forming terhydride of arsenic (arsenietted hydrogen), As H,. 
This is effected by bringing together arsenious acid, or an 
arsenite, with zinc, water, and sulphuric or hydrochloric acid. 

6%n +8HO+ AsO, +680, =6(Zn0,SO,) + AsH,. 

Terhydride of arsenic is a violent poison, and possesses an 
exceedingly offensive odour. When kindled in contact with the 
atmosphere it burns with a bluish-white flame, water and 
arsenious acid being formed ; when, however, free access of the 
air is prevented, only the hydrogen is oxidised, with deposition 
of arsenic. The same separation of arsenic takes place when 
terhydride of arsenic is passed through a glass tube, a part of 
the tube being heated to redness by a spirit-lamp. By this 
means the smallest trace of any oxygen compound of arsenic may 
be detected. For this purpose some zinc and dilute sulphuric 
acid are introduced imto an evolution-flask, mto which are 
fitted air-tight, by means of a cork, a funnel-tube and a 
glass tube bent into a right angle and drawn out into a narrow 
open point. After some minutes, when all the atmospheric air 
in the apparatus is displaced by the evolved hydrogen, the gas 
issuing from the narrow aperture may safely be kindled. Then, 
by depressing a cold porcelain surface into the flame, the 
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absence of arsenic in either zinc or sulphuric acid 1s first 
ascertained by the surface remaining completely white. The 
solution to be examined for arsenic is now added through the 
funnel-tube, and the hydrogen gas again kindled. If the 
slightest quantity of an oxygen compound of arsenic be present 
the porcelain surface will now be covered with metallic mirrors 
of a brown or steel-grey colour, which are soluble in boiling 
nitric acid. 

When the terhydride of arsenic disengaged in this manner 
is passed through a long glass tube of difficultly fusing glass, 
drawn out to a similar point and heated in the middle part to 
redness, a circular mirror of arsenic is deposited in the narrow 
part of the tube. The tube should now be cut off, and the 
point sealed; on heating the deposit it is converted by the 
oxygen contained in the tube into arsenious acid, which may be 
dissolved in hot water, and tested by the above given reactions. 

Under the same circumstances, antimony produces a similar 
mirror, which has however a lighter colour than that of arsenic. 
In order to distinguish them, the incrustations are heated in an 
atmosphere of dry hydrosulphuric acid; both deposits are con- 
verted into sulphides, but the sulphides of arsenic are yellow, 
while those of antimony are red or grey, and less volatile than 
the former. A stream of hydrochloric acid converts the sul- 
phides of antimony into chlorides, which are volatilized, while 
the sulphides of arsenic remain. These may be distinguished 
from sulphur by their solubility in ammonia. 

The oxygen compounds of arsenic may also be reduced by 
charcoal. 

For this purpose a glass tube is drawn out to a thin point of 
half an inch in length and sealed; into this a small piece 
of arsenious acid, and then a thin charcoal splinter is introduced. 
On heating, first this splinter, and then the acid, the latter 
is deprived of its oxygen, and a circular mirror of arsenic 
is deposited on the cooler part of the tube. 

Compounds of arsenious acid are treated in the same manner 
with a mixture of charcoal and carbonate of soda or boracic 
acid; arsenic, however, under these circumstances, is only 
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volatilized, if the metallic basis of the arsenite does not form 
with arsenic a compound which resists the action of heat. 

Metallic copper, when introduced into a solution of arsenious 
acid, becomes covered with a grey metallic coat, which, by boil- 
ing, separates in black scales. This reaction takes place even 
when the solution of arsenious acid is extremely dilute. 

On heating arsenious acid with a dry acetate and hydrate of 
potassa, oxide of kakodyl is disengaged, by the peculiar insup- 
portable smell of which compound even very minute traces of 
arsenious acid may be detected. | 


2(KO,C,H,O,) +2KO+As 0, =C, H, AsO +4 (KO,CO,). 
———E —— ee 
Acetate of potassa. Oxide of kakodyl. 


ARSENIC ACID. 
As Os. 


Arsenic acid deliquesces in contact with the atmosphere ; it 
volatilises only at a very strong heat, being decomposed into 
arsenious acid and oxygen. Arseniates insoluble in water dis- 
solve in hydrochloric acid. 

Hydrosulphuric acid produces in an acid solution of arsenic 
acid only very slowly a precipitate of yellow quinquisulphide, 
As §,, the chemical comportment of which is similar to that 
of the tersulphide (v. supra.) 

Arsenic acid is converted into arsenious acid by sulphurous 
acid : 

AsO, + 280, = AsO, +280,, 
which property may be used for obtaining immediately a 
precipitate with hydrosulphuric acid. 

Lime water produces in a neutral solution of an arseniate a 
white precipitate, 2CaO, HO, As O,. 

Nitrate of silver produces a reddish-brown precipitate, 
3Ag O, As O,. 

Sulphate of copper a greenish-blue precipitate, 2Cu O, HO, 
As O,. 

Free ammonia prevents the formation of these precipitates, 
and they are all insoluble in nitric acid. 

On exposing an arsenic compound on charcoal to the inner 


44 SEPARATION OF ARSENIC, TIN, AND ANTIMONY. 


flame of the blowpipe, the peculiar garlic smell of suboxide of 
arsenic is disengaged, by which even very minute traces of 
arsenic may be recognised. 


In qualitative analysis the three last bodies (antimony, tin, 
and arsenic) are always obtained together in the form of their 
highest sulphides SbS,, Sn 8,, AsS,, on precipitating the 
solution in sulphide of ammonium by means of an acid. 

In testing for these three elements in this precipitate the 
following method is generally adopted. 

The dry sulphides are fused with nitre and carbonate of 
potassa, or carbonate of soda; by this process they are converted 
into the corresponding oxides, SbO,, Sn O,, As O,, which com- 
bine with the alkali, all the sulphur being oxidised into sul- 
phuric acid. 

On treating the fused mass with cold water we have in the 


SOLUTION, © RESIDUE, 
Arseniate of potassa, sulphate Antimoniate of potassa and 
of potassa, and a small quan- | stannate of potassa. 


tity of antimoniate of potassa, 
and stannate of potassa. 


On neutralising the aqueous solution by nitric acid the small 
quantity of antimonic acid and binoxide of tin (stannic acid) 
is precipitated ; the filtrate is tested for arsenic acid by addition 
of nitrate of silver to the liquid, first carefully neutralised by 
ammonia, as also by throwing down by acetate of lead, and 
examining the white precipitate (sulphate and arseniate of lead) 
before the blowpipe. 

The white residue which remains, after exhaustion by water, 
contains binoxide of tin, or antimonic acid, or both. This resi- 
due is reduced by means of cyanide of potassium before the blow- . 
pipe, or when obtained in a larger quantity in a porcelain crucible 
over the spirit-lamp. If the metallic globule produced in this 
manner be brittle it is antimony, if it be ductile it is tin. 

A globule containing both antimony and tin, is converted 
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into the oxides of these two metals by the action of nitric acid. 
On boiling these mixed oxides (carefully washed) in a solution 
of tartaric acid or bitartrate of potassa, teroxide of antimony 
is dissolved and may be detected by hydrosulphuric acid. Binoxide 
of tin is not affected by tartaric acid. 

A careful comparison of the above described reactions of 
these three elements will afford further means of ascertaining 
their presence. 

The following remark may still be useful :—If an alloy of 
these three elements be oxidised by means of nitric acid the 
greater part of the arsenic becomes insoluble as arseniate of 
antimony. On fusing the sulphides with nitre and carbonate of 
soda this difficulty does not occur. 


2. SUBDIVISION. 
a. BINOXIDE OF PLATINUM. 
Pr @e. 

Platinum is insoluble in hydrochloric acid and nitric acid; it 
dissolves, however, in nitro-hydrochloric acid, forming a reddish- 
brown solution, which contains the bichloride, Pt Cl,, corres- 
ponding to the binoxide. 

Hydrosulphurie acid produces in this solution a brownish-black 
precipitate of bisulphide of platinum, Pt S,; a gentle heat 
promotes the formation of this precipitate, which is insoluble 
in nitric acid and hydrochloric acid, but dissolves in nitro- 
hydrochloric acid and in sulphide of ammonium. 

Salis of potassa and ammonia, especially chloride of potassium 
and chloride of ammonium, precipitate yellow crystallme double 
salts, which are but slightly soluble in water, and even less in 
alcohol. 

Chloride of tin, in the presence of free hydrochloric acid, 
imparts to a solution of platinum a dark reddish-brown colour. 


[d. BINOXIDE OF IRIDIUM.] 
iy O,. 
Iridium dissolves, but very slowly, in nitro-hydrochloric acid, 
more easily when alloyed with platinum. The dark reddish- 
brown solution contains bichloride of iridium, Ir Cl,. 
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Hydrosulphuric acid first discolours the solutions of indium, 
and then precipitates brown bisulphide of iridium, which is 
soluble in sulphide of ammonium. 

The same discoloration, partly with, partly without precipi- 
tation, is produced by a great number of reagents, such as 
sulphate of oxide of iron, iodide of potassium, oxalic acid, cyanide 
of potassium, etc. 

The compounds of bichloride of iridium with the alkaline 
chlorides are dark-red, almost black. 


ec. TEROXIDE OF GOLD. 
AuQO,. 

Gold is insoluble in hydrochloric acid and in nitric acid; it 
dissolves, however, easily in nitro-hydrochloric acid, forming a 
terchloride, AuCl,, of a yellow colour, which is still percep- 
tible even in very dilute solutions. ; 

Most of the common metals, and also silver, palladium, and 
platinum, reduce the gold from these solutions partly to the state 
of metal, which appears either as a shining coating or as a 
brown powder, partly to a particular compound of a purple 
colour. 

The most important reducing agents of gold are salts of oxide 
of iron, oxalic acid, and chloride of tin. 

Salts of oxide of iron and oxalic acid precipitate metallic gold 
in the form of a brown impalpable powder, which on being 
rubbed with a hard body assumes a golden lustre. 

Au Cl, +6 (FeO,8 O,)=Au+2 (Fe, O,,3S0,) + Fe, Cl;. 

Au Cl, +3 (HO, C, O,)=Au+3 HCl+6CO,. 

Chloride of tin, containing a little dichloride (addition of a 
drop of nitric acid) produces even in a very dilute solution 
of gold a purple precipitate, which probably is a compound of a 
lower oxide of gold and sesquioxide of tin. 


3. SUBDIVISION. 


[a. SELENIOUS ACID.] 
se Q,. 


Selenium on being heated in contact with the atmosphere is 
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converted first mto oxide of sclenium, diffusing a penetrating 
horse-radish-like odour, and then into selenious acid. 

Free selenious acid and selenites, after the addition of hydro- 
chloric acid, are reduced into selenium by hydrosulphuric acid 
and sulphurous acid. The precipitate obtained by hydrosulphuric 
acid is reddish-yellow; the precipitate by sulphurous acid is red 
when produced in the cold, and grey when produced in a boiling 
solution. 

The same reactions are exhibited by selenic acid, Se O,, or 
seleniates after boiling with hydrochloric acid, by which selenious 
acid is produced with evolution of chlorine. 


[o. TELLUROUS ACID.] 
Te OQ: 


Solutions of tellurtuam in mineral acids become turbid on 
the addition of much water. 

The caustic alkalies and their carbonates throw down from 
these solutions a white hydrate of tellurous acid, which dissolves 
when heated with an excess of the precipitant. 

Hydrosulphuric acid precipitates black bisulphide of tellurium, 
soluble in sulphide of ammonium. 

Tellurous acid is reduced on being boiled with sulphurous 
acid or alkaline sulphates, with precipitation of black flocculent 
tellurium ; this precipitate is the more rapid and complete the 
more concentrated the solution. 

Tellurium is also precipitated by chloride of tin and sulphate 
of oxide of tron as a black powder, which on being rubbed 
assumes metallic lustre. 

When heated in contact with the air, tellurium burns with a 
blue flame, exhibiting a greenish edge, and evolving white fumes 
of a disagreeable feebly acidulous odour. 

Telluric acid, the highest oxide of tellurium, is formed on 
fusing tellurous acid with mitre. The salts of this acid are 
reduced to tellurites by ignition, and to tellurium by boiling 
with a mixture of hydrochloric and sulphurous acid. 
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4, SUBDIVISION. 
[a. OXIDES OF TUNGSTEN. ] 
WOU WD s 

The lower oxides of this metal, on being heated in contact 
with the atmosphere, or on being treated with nitric acid, are 
converted into tungstic acid, WO,. On fusing minerals 
containing tungsten with nitre and carbonate of soda, and 
treating the fused mass with water, an alkaline tungstate is 
obtaimed in solution ; free mineral acids precipitate from this 
solution, hydrate of tungstic acid insoluble im an excess of the 
precipitant (phosphoric acid excepted). 

Tungstic acid is not completely precipitated by mineral acids ; 
the acid solution still contaims a quantity of tungsten. Zinc 
produces in these acid solutions (with exception of the nitric 
acid solution) a beautiful blue colour, owing to the formation of 
oxide of tungsten. 

Sulphide of tungsten is precipitated only when a tungstate 
is decomposed by acids in presence of sulphide of ammonium. 

The oxides of tungsten, when perfectly pure, impart to phos- 
phorus salt in the mner flame of the blowpipe a beautiful 
blue colour, which disappears in the outer flame; in the pre- 
sence of iron the bead assumes a blood-red colour in the mner 


flame. | 
[6. OXIDES OF MOLYBDENUM.] 


Mo O, Mo O,, Mo O,. 

Molybdenum and its inferior oxides, as also sulphide of 
molybdenum, are converted ito molybdic acid by continuous 
ignition in contact with air, but quicker by treatment with 
oxidising agents. 

The alkaline molybdates (obtained by fusing a molybde- 
num compound with nitre and carbonate of soda), when decom- 
posed by a mineral acid, yield a white precipitate of molybdic 
acid, which is, however, soluble in an excess. of the precipitant. 

In a solution of molybdic acid containing free hydro- 
chloric acid, zinc or tin produce a blue colour, which after some 
time becomes green, and at last black. 

Hydrosulphuric acid, when added in excess to an acid solution 
of molybdice acid, produces, after some time, a brown preci- 
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pitate of sulphide of molybdenum, the supernatant liquid 
remaining blue or green. On adding only a small quantity of 
hydrosulphurie acid, no precipitate is produced, but the liquid 
assumes a blue colour. 

Sulphide of molybdenum is also produced, when a molyb- 
date is decomposed by acids in presence of sulphide of ammonium. 

The oxides of molybdenum impart to phosphorus salt, in the 
inner blowpipe-flame, a fine green colour, which becomes more 
perceptible on cooling; with Jorax they produce, im the inner 
blowpipe-flame, a brownish red bead. 


[c. OXIDES OF VANADIUM.] 
| ¥Os eV Os. 

Vanadium, in the reactions of its compounds, most resem- 
bles tungsten, molybdenum, and chromium. 

Most of the salts of oxide of vanadium are blue or green. 

From their solution fixed caustic alkalies precipitate a grey- 
white hydrate, soluble in an excess of the precipitant forming a 
grey or brown solution, but soluble in ammonia. 

Hydrosulphuric acid produces no precipitate. 

Sulphide of ammonium, however, throws down a brownish-black 
precipitate, which dissolves in an excess of the precipitant, the 
solution being of a dark purple colour. 

The vanadates possess a red or yellow colour, which dis- 
appears on heating. Vanadic acid dissolves in mineral acids, 
and is reduced in these solutions by hydrosulphuric acid or 
organic substances to blue oxide, which remains in solution. 

Sulphide of ammonium precipitates brown tersulphide of 
vanadium, VaS,, which dissolves in an excess of the preci- 
pitant, forming a brown liquid. 

Ferrocyanide of potassium produces a fine green precipitate. 

Chloride of ammonium forms in solutions of vanadic acid a 
white flocculent precipitate of vanadate of ammonia, which is 
quite msoluble in an excess of chloride of ammonium. 

The oxides of vanadium, when heated with doraxv or phos- 
phorus salt produce in the outer blowpipe flame a yellow, in the 
inner flame a beautiful green bead, which becomes yellow again, 
and even colourless, when exposed to the oxidising flame. 


BE 
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SECTION II. 


BEHAVIOUR OF THE ACIDS WITH REAGENTS. 


I.—ACIDS OF SULPHUR AND SELENIUM. 


HYDROSULPHURIC ACID. 
HS; 


Hyprosutpuuric acip (sulphuretted hydrogen) is a colourless 
gas, which becomes liquid when exposed to strong pressure. 

Hydrosulphuric acid is easily recognised by its characteristic 
disagreeable odour (that of rotten eggs). In contact with the 
air it burns with a blue flame, sulphurous acid and water being 
formed. Hydrosulphuric acid is soluble in cold water, 3 vols. 
of water absorbing 1 vol. of gas (hydrosulphuric acid-water). 

With most metallic oxides hydrosulphuric acid changes 
sulphur for oxygen, water and sulphides being formed, which 
may often be distinguished by their peculiar colour. Only the 
alkaline earths proper, and the oxides of chromium, titanium, 
and tantalum, do not exchange their oxygen for sulphur in the 
moist way. 

The compounds of sulphur with the metals of the alkalies 
and the alkaline earths are soluble in water, whilst those with 
heavy metals are insoluble. On exposure to high temperatures 
the sulphides of different metals exhibit a varying comportment. 
Tersulphide of gold, ex. gr., when ignited loses all itssulphur, pure 
metal remaining behind; bisulphide of tin, Sn 8,, is trans- 
formed into sulphide, Sn S, with evolution of half its sulphur ; 
sulphide of zine is not altered by heat. 

When heated in contact with the air (in a glass tube open at 
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both ends) most sulphides evolve sulphurous acid, leaving in 
some cases metal (silver), in other cases oxide (antimony, tin, 
bismuth). The alkaline sulphides are converted by this process 
into sulphates. 

On fusing a sulphide upon charcoal with carbonate of soda, a 
mass is obtained, which when moistened with water produces a 
brownish black spot upon a bright silver surface, and disengages 
hydrosulphuric acid upon addition of an acid. | 

Most of the sulphides are decomposed by nitric acid with the 
formation of oxide, sulphuric acid, and, unless the acid was very 
concentrated, with separation of sulphur. 

Nitro-hydrochloric acid acts in the same manner, but with more 
energy. 

Sulphides are also decomposed by chlorine, the corresponding 
chlorides of the metal and chloride of sulphur being formed. 

They are soluble in hydrochloric acid with disengagement of 
hydrosulphuric acid. 

A solution of hydrosulphuric acid in water is decomposed by 
sulphurous acid, water being formed and sulphur separated. 

80, +2HS =2HO +4 38. 

Chlorine, bromine, and iodine effect a similar decomposition, 
the hydrogen-acids of these elements being formed, with sepa- 
ration of sulphur. 

Hydrosulphuric acid is decomposed in a similar manner by 
hypochlorous acid, nitric acid, iodic acid, bromic acid, chromic 
acid and sesquioxide of iron, etc. In most of these cases a certain 
quantity of the sulphur separated is converted into sulphuric 
acid. 

A solution of hydrosulphuric acid in water is decomposed 
even by contact with the air, water being formed with separa- 
tion of highly divided sulphur. 

Traces of hydrosulphuric acid, no longer perceptible by the 
smell are detected by acetate of lead, or by paper moistened 
with a solution of this salt, when in a mixture of gases. The 
paper becomes covered with a brownish black shining coating. 
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[HYDROSELENIC ACID.] 
H Se: 

Hydroselenic acid, in its chemical deportment very much 
resembles hydrosulphuric acid; selenides are however easily 
distinguished from sulphides by the horseradish-like odour they 
disengage on being heated in contact with the air. 


SULPHURIC ACID. 
HO, SO,. 

Anhydrous sulphuric acid forms a white crystalline mass 
resembling asbestos, and disengaging dense white fumes when 
im contact with air. In combination with one equivalent of 
water it forms common sulphuric acid (oil of vitriol) an oily 
liquid, the boiling point of which is 300°C. (572° Fahr.) Anhy- 
drous sulphuric acid, as well as oil of vitriol, produce a very high 
degree of heat, when mixed with water. . Organic substances 
are destroyed by the action of concentrated sulphuric acid 
setting free their carbon (blackening of organic substances by 
sulphuric acid).. On supporting the action by the application 
of heat the carbon is oxidised at the expense of the sulphuric 
acid, carbonic acid and sulphurous acid bemg formed :— 

280, + C=CO, + 280,. 

Sulphuric acid possesses the strongest affinity for bases, it 
displaces all other acids in their salme compounds. Almost 
all the neutral and acid salts of sulphuric acid are soluble in 
water ; sulphate of lime however is slightly soluble ; sulphate 
of baryta, strontia, and lead, are insoluble or nearly so. The 
soluble salts of these oxides (especially of baryta), are therefore 
used as tests for sulphuric acid. 

Sulphate of baryta, BaO, SO,, which is formed immediately 
on addition of chloride of barium to a soluble sulphate is com- 
pletely insoluble in nitric and hydrochloric acids. In testing 
a solution for sulphuric acid by means of a baryta salt, care should 
be taken that the liquid does not contain too much nitric or 
hydrochloric acid, as salts of baryta, which easily dissolve in 
water, are almost insoluble in nitric and hydrochloric acids. 
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The white precipitate which forms on addition of these acids to 
a soluble baryta salt, is however easily dissolved by water. 

The compounds of sulphuric acid with the fixed alkalies, with 
the alkaline earths and oxide of lead, are not decomposed on 
bemg ignited alone; all the other sulphates are destroyed by 
ignition, sulphuric acid and sulphurous acid or oxygen, accord- 
ing to the nature of the base, being disengaged. 

All the sulphates are decomposed on being ignited with 
charcoal ; if in this decomposition an alkali (carbonate of soda, 
cyanide of potassium) be present, an alkaline sulphide is pro- 
duced which disengages hydrosulphuric acid, when treated 
with an acid, and blackens a bright silver surface on being 
moistened with water. The same behaviour is exhibited by the 
compounds of sulphurous acid, and in general all the acids of 
sulphur (detection of sulphates before the blowpipe). 

The sulphates insoluble in water and acids, are completely 
decomposed by fusion with an alkaline carbonate, but only 
partially on boiling with a solution of the alkali mm water ; 
in the filtered liquid saturated with hydrochloric acid a preci- 
pitate of sulphate of baryta is produced on addition of a soluble 


baryta salt. 
[SELENIC ACID.] 


HO, SeO.,.. 

Selenic acid and seleniates very much resemble sulphuric 
acid and sulphates, in their chemical deportment ; seleniates 
however are decomposed on boiling with hydrochloric acid, 
selenious acid bemg formed with disengagement of chlorine ; 
the decomposed seleniate now possesses the property of deco- 
lorising sulphindigotic acid ; 1t 1s precipitated by sulphurous acid, 
or hydrosulphuric acid (vy. p. 52), but no longer by chloride 
of barium. On being exposed to the inner flame of the blow- 
pipe with phosphorus salt or carbonate of soda, all compounds 
of selenium disengage a characteristic horseradish-like odour. 


SULPHUROUS ACID. 
310 oe 


~ 


Sulphurous acid is formed on burning sulphur in contact 
with the air, at the common temperature it is a transparent 
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gas, which easily dissolves in water; both as gas, and in solu- 
tion it possesses the well-known disagreeable odour of burning 
sulphur. Among the neutral compounds of sulphurous acid, 
the alkaline sulphites only are soluble in water, but all its acid 
salts are soluble. 

Most of the sulphites on bemg heated are converted into a 
mixture of sulphide and sulphate :— 

4 (PbO, SO,) = 3 (PbO, SO,) + PbS. 

By the action of chlorine, nitric acid or fusing nitre, sulphites 
are converted imto neutral sulphates. 

On boiling a solution of a sulphite with a daryta salt and 
nitric acid, a precipitate of insoluble sulphate of baryta is 
formed. 

Nitrate of silver produces in a solution of a sulphite a preci- 
pitate, which first is white, but becomes black on digestion or 
on gently heating, the metal being reduced with formation of 
sulphuric acid :— 

Ag O, SO, = Ag + SO,. 

Chloride of tin, to which hydrochloric acid has been 
added, produces even in a very dilute solution of sulphurous 
acid a brown precipitate of sulphide of tin; in the presence of 
a large quantity of sulphurous acid, the colour of the precipitate 
is yellow. 

Sulphites, when in contact with metallic zinc, and hydro- 
chioric acid or sulphuric acid evolve hydrosulphuric acid :— 

SOL SP HOS Fn 4380. 37a 0, 907) 4 ie. 

Chloride of barium and of calcium produce white precipitates 
im solution of neutral sulphites; these precipitates are mama 
soluble in hydrochloric acid. 


[SELENIOUS ACID.] (v. p. 46.) 
Se O,. 
[HYPOSULPHUROUS ACID.] 
Pig hy. 
The compounds of this acid with alkalies and alkaline earths 


(the baryta salt excepted) are readily soluble, and possess 
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the property of dissolving chloride of silver, when freshly 
precipitated. 

By the action of nitric acid, the salts of this acid are con- 
verted into acid sulphates. 

KO, 8,0, +40 = KO, 2 S8Q,. 
From yess acid. 

Hydrochloric acid decomposes them with evolution of sul- 

phurous acid and separation of sulphur. 
KO, 8,0, + HCl = KCl + HO + 8O, + 38. 

Hyposulphites on being boiled with salts of copper or silver 
are converted into sulphates ; sulphides of copper and silver 
being formed. 

KO, 8,0, + AgO, NO, = KO, SO, + AgS + NO,. 


[HYPOSULPHURIC ACID.] 
§,O,. 

The salts of this acid are soluble in water; on being heated 
alone or with hydrochloric acid they are converted into sul- 
phates, sulphurous acid being disengaged without separation 
of sulphur, = 

KO; 5,0, =-KO; 80, + °S0%. 

The acids 8,0, and 8,0, only recently discovered, are like- 
wise converted into sulphates with disengagement of sulphurous 
acid ; at the same time, however, a separation of sulphur takes 
place. 


iIl—CHROMIC ACID. 
Cr O,. 

Chromic acid forms scarlet red needles, which deliquesce in 
the air; its salts are yellow or red. The alkaline chromates are 
‘soluble in water ; all the chromates dissolve in nitric acid. The 
yellow solution of a neutral chromate assumes a dark red colour 
on addition of a mineral acid, an acid chromate bemg formed 
or chromic acid separated. 

Baryta salts produce in soluble chromates a pale yellow pre- 
cipitate of chromate of baryta, BaO, CrQO,. 

Lead salis precipitate lemon-yellow chromate of lead, 
PbO, CrO,. 
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Bismuth salis throw down chromate of bismuth, 


Bi O,,3 CrO,, of the same colour. 
Silver salts precipitate purple red chromate of silver, 
AgO, Cr O,. 


Subsalis of mercury produce a brick red precipitate of sub- 
chromate of mercury, Hg,O, CrO,. 

All these precipitates are soluble in nitric acid, chromate of lead 
is also soluble in potassa; chromic acid is reduced to sesquioxide 
of chromium by hydrosulphuric acid and sulphurous acid, and 
also by oxalic, tartaric and citric acids ; by metallic zinc and by 
alcohol in the presence of a free acid. 

In reducing chromic acid by hydrosulphuric acid, sulphur is 
separated and sulphuric acid as a secondary product formed ; 
in employing sulphurous acid, sulphuric and hyposulphuric 
acids are produced; in effecting the deoxidation by means of 
an organic acid, carbonic acid is disengaged. On treating a 
neutral chromate with hydrosulphuric acid, a greenish grey 
mixture of sulphur and sesquioxide of chromium is precipitated ; 
in the presence of a free acid sesquioxide of chromium remains 
in solution, only sulphur being precipitated.* 


III.—ACIDS OF PHOSPHORUS. 
PHOSPHORIC ACID. 
3410, 2O, 

Phosphoric acid, when anhydrous, appears in white flakes ; the 
hydrate forms a glassy mass ; both are very deliquescent. The 
alkaline phosphates readily dissolve in water ; all the other salts 
are insoluble in water, but dissolve in dilute nitric acid. The 
phosphates with fixed bases, are not decomposed by heat. Salts - 
of phosphoric acid, which are insoluble in water, are only par- 
tially decomposed by fusion with the caustic fixed alkalies or their 
carbonates. Alkaline phosphates, with one equivalent of fixed 
base, possess an acid reaction ; those with two or three equivalents, 

* By this deportment the presence of chromic acid is indicated, when examining 


for the bases ; in the acid solution treated with hydrosulphuric acid, chromium is 
contained in the form of sesquioxide. 
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exhibit an alkaline reaction. The latter salts yield with lime 
and daryta salts white precipitates, which are soluble in hydro- 
chloric acid, nitric acid, and even in acetic acid. 

Soluble magnesia salts give with phosphate of soda, 
2 NaO, HO, PO, a crystalline precipitate, which appears 
only after some time. With the soda salt, 3 NaO, PO, all the 
magnesia is immediately thrown down as a white precipitate. 
In the presence of free ammonia, magnesia salts produce even 
in very dilute solutions of phosphates, with 2 equivalents of 
fixed base, a white precipitate of phosphate of magnesia and 
ammonia, 2 MgO, NH,O, PO, +12 aq. 

Nitrate of silver produces in solutions of the common phos- 
phates (with 3 equivalents of base) lemon-yellow phosphate of 
silver, 3AgO, PO,, which is with difficulty soluble in acetic acid; 
if the tribasic phosphate contained only 1 or 2 equivalents of 
fixed base, it yields, after ignition, a white precipitate with 
nitrate of silver AgO, PO,, or 2 AgO, PO,. 

Lead salts produce a white precipitate, which is almost inso- 
luble in acetic acid. This precipitate fuses before the blowpipe 
into a bead, which on cooling becomes crystalline. 

Salis of sesquioaide of tron form in alkaline phosphates an 
almost white gelatious precipitate of phosphate of sesquioxide 
of iron, which is insoluble in acetic acid. 

On adding tothe hydrochloric acid solution of a phosphate 
insoluble in water, (ex. g., the phosphate of an alkaline earth,) 
a sufficient quantity of an alkaline acetate and sesquichloride of 
iron, a precipitate of phosphate of sesquioxide of iron is obtained. 
In this way all the phosphoric acid may be separated from a 
liquid. 

On heating a dry phosphate im a glass-tube with potassium, 
separating the excess of potassium by means of mercury and 
moistening gently the residue, (it is sufficient to blow moist air 
into the tube,) terhydride of phosphorus (phosphoretted 
hydrogen) is disengaged, which may be easily recognised by its 
peculiar odour. 

On fusing a phosphate with boracic acid upon charcoal before 
the blowpipe and introducing a fine ion-wire into the fused 
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mass, a brittle bead of magnetic phosphide of iron is produced 
by heating strongly in the inner flame. 


[PHOSPHOROUS ACID.] 
PO{; 
[HYPOPHOSPHOROUS ACID.] 
PO. 

The alkaline phosphites are soluble in water; most com- 
pounds of phosphorous acid with the alkaline earths or the 
other oxides are insoluble or difficultly soluble. 

Dilute solutions of magnesia are not precipitated by soluble 
phosphites, even in the presence of chloride of ammonium and 
ammonia. 

Oxide of silver is decomposed by phosphorous acid, the metal 
being reduced and phosphoric acid formed. 

On heating, most phosphites are converted into phosphates 
with evolution of hydrogen. 

All compounds of hypophosphorous acid are soluble in water ; 
when heated, they are converted into phosphates, inflammable 
terhydride of phosphorus being disengaged. 

On boiling a solution of a hypophosphite with an excess 
of alkali, hydrogen is disengaged, an alkaline phosphate re- 


maining. 


IV.—ACIDS OF NITROGEN. 
NITRIC ACID. 
HO, NO,. 

Pure hydrate of nitric acid is a colourless liquid, diffusing 
white fumes of a pungent odour, when in contact with the 
atmosphere. If the nitric acid contains nitrous acid these 
fumes are yellow. Nitric acid oxidises all the metals with the 
exception of platinum, rhodium, gold, titanium and tantalum, 
bmoxide of nitrogen being disengaged, which by absorption of 
oxygen from the air is converted into red fumes of nitrous acid. 

With the exception of binoxide of tin, teroxide of antimony, 
[tellurous acid and tungstic acid], all oxides are soluble in an 
excess of nitric acid. | 
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All nitrates are decomposed by ignition, oxygen and nitrogen, 
or oxygen and an inferior oxide of nitrogen being disengaged, 
according to the nature of the base. If nitrates are ignited 
in presence of substances capable of oxidation, these latter 
combine with the oxygen of the acid, with the evolution of 
inferior oxides of nitrogen; this act of combination being often 
so violent that a detonation ensues, as with cyanide of potassium, 
carbon, phosphorus, sulphur, &c. Also free nitric acid, when 
concentrated, acts as a powerful means of oxidation on com- 
bustible bodies in general, morganic and organic. 

When treated with an excess of hydrochloric acid, nitrates 
are converted into chlorides with formation of hyponitric acid 
and disengagement of free chlorme. 

KO, NO, + 2HCl= KCl + 2HO + NO, + CL 

Hence the solubility of gold leaf in a solution of a nitrate, 
which has been heated with hydrochloric acid. 

On mixing a solution of a nitrate with half its volume of 
concentrated sulphuric acid, and adding to this mixture after 
cooling a concentrated solution of a salt of oxtde of iron, or some 
crystals of the sulphate, the liquid or the crystals assume a 
purple, red, or dark brown colour, owing to the formation of a 
compound of binoxide of nitrogen with the salt of iron. 

10 (FeO, SO,) +480, +KO, NO, =3 (Fe, O,, 3 SO,) + KO, 
SO, +4 (FeO, SO,), NO,. 

This dark brown compound is destroyed by heat, with dis- 
engagement of the binoxide of nitrogen. 

On adding to the mixture of the nitrate and sulphuric acid a 
drop of sulphindigotic acid (a solution of indigo in sulphuric 
acid), the blue colour disappears, when heat is applied, passing 
into yellow. 

Nitrates, when heated with copper turnings, and moderately 
dilute sulphuric acid, disengage binoxide of nitrogen, which is 
converted into nitrous acid by absorption of oxygen from the 
atmosphere. 


KO, NO, +3 Cu+4 80,=NO,+3 (CuO, SO,)+ KO, SO,. 
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b. NITROUS ACID. 
NO 


Almost all the compounds of nitrous acid with bases are 


36 


soluble in water. 

Nitrites, when heated with combustible substances, deflagrate 
like nitrates. By ignition they disengage nitrogen and oxygen ; 
by treatment with concentrated sulphuric acid they evolve 
binoxide of nitrogen, which in contact with the air forms red va- 
pours of nitrous acid, nitric acid remaining in solution. 

Chloride of gold and nitrate of mercury are reduced to the 
metallic state by nitrites. 


V.—ACIDS OF THE SALT-RADICALS. 
HYDRACIDS. 
HYDROCHLORIC ACID (MURIATIC ACID). 
HCE 

Hydrochloric acid is a transparent gas, which in contact with 
the air by attraction of moisture forms white fumes. This gas 
possesses a suffocating acid odour, and is absorbed in large 
quantity by water with evolution of heat (aqueous hydrochloric 
acid). With the oxides of the metals hydrochloric acid forms 
water and chlorides. 

When heated, chlorides exhibit a varymg comportment, some 
of them are volatile without decomposition (chlorides of tin, 
antimony, and arsenic) ; some of them are not altered (chlorides 
of silver, lead, and the alkali metals); some of them pass into 
metal, or (when air is present) into oxide with evolution of 
chlorine. Most of the chlorides are soluble ; chloride of silver, 
gold and platinum and the subchlorides of mercury, and copper, 
only are insoluble ; chloride of lead is shghtly soluble. 

Aqueous solutions of hydrochloric acid and chlorides are 
therefore precipitated by the following reagents. 

Nitrate of silver throws them down completely in the form of 
chloride of silver, Ag Cl, as a white curdy precipitate, which 
assumes a violet colour when exposed to light. This pre- 
cipitate is absolutely insoluble in nitric acid, but dissolves 
readily in ammonia (v. oxide of silver, p. 26). 
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Subnitrate of mercury, Hg,O, NO,, separates chlorine like- 
wise completely as white subchloride of mercury, Hg, Cl (v. sub- 
oxide of mercury, p. 27). 

By lead salts chlorides are only imperfectly thrown down, 
chloride of lead, Pb Cl, being slightly soluble in water. 

When free hydrochloric acid is heated with peroxides 
chlorine is set free, distinguished by a yellowish green colour :— 
2 HCl+ MnO, = MnCl+2HO4 CL 
For this purpose the soluble chloride generally is heated with 

binoxide of manganese and sulphuric acid. 

On heating a chloride with chromate of potassa and sulphuric 
acid, a brownish red gas is disengaged, which by cooling may 
be condensed into a blood-red liquid, chromate of chloride of 
chromium, Cr Cl,, 2 CrQ,. 

3 (KO, Cr O,))-F 3 Na Cl 6 HO, SOD = Cr.Ch,, 2 CrO, + 
3 (KO, SO,) + 3 (NaO, SO,) + 6 HO. 

This red liquid, when heated with ammonia, assumes a yellow 
colour, chromate of ammonia being formed. 

Chlorides, when heated before the blowpipe with a bead of 
phosphorus salt, saturated with oxide of copper, impart a blue 
colour to the flame. 


HYDROBROMIC ACID. 
IDPBr. 

Hydrobromic acid and bromides exhibit similar reactions to 
those of hydrochloric acid and its compounds. 

Nitrate of silver precipitates from soluble bromides yellowish 
white bromide of silver, Ag Br, which is insoluble in nitric acid 
and difficultly soluble in ammonia. 

The precipitate which is produced by subnitrate of mercury 
has the same colour. 

Soluble lead salts throw down white bromide of lead, Pb Br, 
which by its insolubility in water may be distinguished from 
chloride of lead. 

Bromides are decomposed by chlorine, hypochlorites, con- 
centrated sulphuric and nitric acids, bromine being set free, 
which imparts a yellow or yellowish-red colour to the liquid. 
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K Br + Cl = K Cl + Br. 
K Br + 280, = KO, SO, + SO, + Br. 
3K Br + 4 NO, = 3 (KO, NO,) + NO, + 3 Br. 
Dilute sulphuric acid, however, disengages hydrobromie acid. 
K Br + HO, 8O, = KO, SO, + H Br. 

Free bromine is soluble in ether, and imparts an orange 
yellow colour to starch or starch-paste. Small quantities of 
bromides (even in the presence of chlorides) are therefore easily 
detected by adding a solution of chlorine in water to, or passing 
a stream of chlorine through the liquid to be examined and 
agitating with ether. As soon as the liquids have separated 
the solution of bromine in ether is taken off by means of a 
pipette and agitated with potassa, which withdraws the bromine, 
bromide of potassium and bromate of potassa beg formed. 

6 KO + 6 Br = 5 KBr + KO, BrO,. 

The solution of these two salts is now evaporated to dryness, 
and the residue fused (in a silver basin). By this process the 
bromate is decomposed with evolution of oxygen; the mass con- 
taining now only bromide, is distilled with an excess of sulphuric 
acid, and a little dinoxide of manganese in a small retort, to 
which a glass condenser has been adapted. If bromine be 
present brownish or yellowish red vapours appear immediately 
on the application of heat, which impart an orange yellow 
colour to starch-paste in the receiver. 

Pure bromides, when distilled with chromate of potassa and 
concentrated sulphuric acid, disengage only bromine, the colour 
of which disappears on the addition of ammonia (distinction 
between chlorides and bromides and detection of the former 
in bromides). 

Bromides, when heated before the blowpipe with a bead of 
phosphorus-salt saturated with owide of copper, exhibit the same 
comportment as chlorides, the colour of the flame is however 
rather greenish. 
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HYDRIODIC ACID. 
HI. 

Hydriodic acid and iodides resemble very much in their be- 
haviour the corresponding chlorine and bromine compounds. 

Nitrate of silver produces in solutions of iodides a yellowish 
white precipitate of iodide of silver, Ag I, insoluble m nitric 
acid, but only slightly soluble in ammonia. 

Subnitrate of mercury forms a yellowish green precipitate of 
subiodide of mercury, Hg, I. 

Chloride of mercury throws down scarlet red iodide of mer- 
cury, Hg I. 

Subsalts of copper produce a dingy white precipitate of sub- 
iodide of copper, Cu,I (a mixture of | part of sulphate of copper, 
and 24 parts of sulphate of owide of iron, or a salt of oxide of cop- 
per, to which sulphurous acid has been added, has the same 
effect, as each contains a salt of suboxide of copper). 

Lead salts precipitate orange yellow iodide of lead, Pb I. 

Bismuth salts throw down brown iodide of bismuth. 

Salts of oxide of palladium produce a black precipitate of iodide 
of palladium, even in very highly dilute solutions of iodides. 

With chlorine, with concentrated sulphuric acid and binoxide 
of manganese, and with nitric acid, iodides exhibit a behaviour 
similar to that of bromides; iodine is separated, which 
according to its amount is precipitated as a black powder or 
remains in solution, imparting a brown colour to the liquid. 
On heating this liquid the characteristic violet vapours of 
iodine are obtained. 

On bringing iodine, separated from any compound, into 
contact with starch-paste a blue combination is produced, 
which, may appear violet or rose red, if iodine exists in very 
minute quantities. For this purpose dilute starch-paste is 
mixed with the liquid to be examined for an iodide, and then 
chlorine water, nitric acid, or sulphuric acid, carefully added to 
liberate the iodine. On adding too large an amount of chlorine- 
water to the solution, chloride of iodine is produced, which 
prevents the formation of the blue compound, the same pro- 
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duction takes place by nitric acid in the presence of a consi- 
derable amount of chlorides. 

From dry compounds iodine is separated by sulphuric acid 
in a flask with a ground stopper; a strip of paper moistened 
with starch-paste is then fixed between the neck and the stopper. 
If iodine be present, this paper will assume a blue colour 
after a few hours. 

Iodides, when heated before the blow-pipe with a bead of 
phosphorus salt saturated with owide of copper impart a fine 
green colour to the flame. 


HYDROFLUORIC ACID. 
HF. 

Hydrofluoric acid is a very volatile liquid giving off very 
pungent and acid fumes ‘when in contact with the air, and 
having a very powerful and injurious effect upon the respiratory 
organs. This acid mixes with water, producing considerable 
heat. 

Some of the fluorides are soluble, as the alkaline fluorides, 
fluoride of silver and fluoride of tin; some are slightly soluble 
or insoluble, as fluoride of lead, fluoride of cadmium, fluoride of 
zinc, and the compounds of fluorine with the metals of the 
alkaline earths. 

Lime water produces in soluble fluorides, an almost trans- 
parent gelatinous precipitate of fluoride of calcium, Ca F, which 
becomes visible by addition of ammonia, and dissolves but with 
difficulty in hydrochloric or nitric acid. 

Nitrate of silver does not precipitate solutions of fluorides. 

All the fluorides are decomposed by boiliny concentrated sul- 
phuric acid with disengagement of hydrofluoric acid. If nascent 
hydrofluoric acid meets with silicic acid (ex. gr., in glass) these 
two compounds decompose each other, water and fluoride of 
silicon being formed. 

SiO, + 2HF=S8i F, + 2 HO. 

On this property depends the test for fluorine by its action 

on glass. 
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If the compound to be examined contains silicic acid, sul- 
phuric acid disengages, stead of hydrofluoric acid, fluoride of 
silicon, which does not attack glass, but decomposes water with 
separation of gelatinous silicic acid, and formation of hydro- 
fluosilicic acid. 

3S: F, +2 HO=810, + 2(HF, Sif,) 

This reaction may be employed for ascertaining the presence 
of fluorine in silicates. For this purpose the compound under 
examination is finely powdered and heated with concentrated 
sulphuric acid in a small glass flask well dried; on passing the 
fluoride of silicon, which is disengaged, through a glass tube, 
moistened inside, the inner surface becomes coated with a white 
deposit of silicic acid. In testing compounds which do not 
contain silicic acid, for fluorme, by this method, a little pow- 
dered glass or quartz is added, before they are heated with 
sulphuric acid. 

Insoluble fluorides are decomposed by fusion with alkaline 
carbonates, a soluble alkaline fluoride being formed. On 
neutralising the solution of the fused mass carefully with hydro- 
chloric acid, and adding chloride of calcium and ammonia, all 
the fluorine is precipitated in the form of fluoride of calcium. 
If phosphoric acid be present in the compound, the precipitate 
contains phosphate of lime in admixture. 

On heating a fluoride by the blowpipe in a glass tube, open 
at both ends, the glass around the fluoride is attacked. If a 
mixture of a fluoride with bisulphate of potassa is heated in a 
testtube, hydrofluoric acid is disengaged, which is easily 
detected by the roughening of the glass. 


HYDROCYANIC ACID. PRUSSIC ACID. 
H Cy. 

Anhydrous hydrocyanic acid is a colourless very volatile liquid, 
which burns with a weak flame. It possesses a peculiar suffo- 
cating odour. Hydrocyanic acid mixes in every proportion with 
water, alcohol and ether; the dilute solution in water has the 
taste of bitter almonds. When completely pure, it is gradually 
transformed into a brownish black mass and ammonia. In the 


ity 
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presence of concentrated mineral acids, it decomposes with the 
elements of water, formic acid and ammonia being formed. 
C,NH + 4HO=HO, C,HO, + NH,,. 
Hyaroeniewell: anita iacldsyocdieemmathe 

The compounds of cyanogen, with the metals of the alkalies 
and of the alkaline earths, are soluble in water; these solutions 
have an alkaline reaction, and are decomposed by the weakest 
acids with separation of hydrocyanic acid. On boiling the 
solutions with an excess of alkali, ammonia and formic acid are 
produced. Cyanide of potassium and cyanide of sodium, when 
protected from the air, may be heated to redness without 
decomposition. In the presence of air, or of metallic oxides, 
cyanates are produced. 

The other cyanides (with the exception of a few, as cyanide 
of mercury) are insoluble in water; by the action of heat some 
of them are separated into metal and cyanogen (cyanide of 
mercury), some of them are converted into inferior cyanides 
with disengagement of cyanogen (cyanide of silver), others into 
paracyanides or into carbides (carburets) with disengagement of 
nitrogen. Most compounds of cyanogen with heavy, and espe- 
cially with the precious metals, are not decomposed by dilute 
oxygen acids; all, however, are decomposed by hydrochloric 
and hydrosulphuric acids, with disengagement of hydrocyanic 
acid. 

Nitrate of silver precipitates from solutions of hydrocyanic 
acid and cyanides white curdy cyanide of silver, Ag Cy, which 
is insoluble in dilute nitric acid, but dissolves in concentrated 
nitric acid, in ammonia, and cyanide of potassium. When 
moistened with concentrated hydrochloric acid, this precipitate 
of cyanide of silver disengages hydrocyanic acid. 

Subnitrate of mercury throws down a grey precipitate of 
reduced mercury in solutions of hydrocyanic acid, cyanide of 
mercury remaining in solution. 

H Cy + Hg, O = Hg Cy + Hg + HO. 

Sulphate of copper, to which sulphurous acid has been added, 
precipitates white subcyanide of copper. 

Hydrocyanic acid dissolves oxide of mercury, cyanide. of mer- 
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cury being formed, which is not precipitated by the alkalies ; if 
hydrochloric acid be present at the same time, ammonia pro- 
duces a precipitate of the double compound of chloride and 
amidide of mercury. 

On adding to a solution containing hydrocyanic acid, potassa 
and a mixture of salts of oxide and sesquiowide of iron (a solu- 
tion of the sulphate of the oxide, which has been partly oxidised in 
the air, is generally employed), a dingy greenish-blue precipitate 
is produced, which, after addition of sufficient hydrochloric 
acid, assumes the pure blue colour of prussian blue, the oxide 
and sesquioxide of iron, which has been precipitated along with 
it, being dissolved by the acid. 

The cyanides of the metals form with the alkaline cyanides 
double compounds, most of which are soluble in water and 
undecomposable by alkalies. 

The cyanides of iron, cobalt, manganese, and chromium, when 
meeting with alkaline cyanides, unite with their cyanogen into 
peculiar salt-radicals, in which the presence of the heavy metal 
cannot be ascertained in the ordinary way, not even by sulphide 
of ammonium. The alkaline salts of these compound radicals 
are decomposed by dilute sulphuric acid, with disengagement of 
hydrocyanic acid, and by concentrated sulphuric acid with evolu- 
tion of carbonic oxide. When ignited alone, or with an 
alkaline carbonate, they are converted into soluble cyanides with 
separation of the metal. 

In the moist way ferrocyanides and ferricyanides are recognised 
by their behaviour with iron and copper-salts (v. pp. 19 and 30.) 


HYDROSULPHOCYANIC ACID. 
H Cy §,. 

The compounds of hydrosulphocyanic acid with the alkalies 
and alkaline earths, are soluble in water, most sulphocyanides 
of the metals are insoluble. 

The alkaline sulphocyanides out of contact with the air may 
be heated to redness without decomposition; in contact with 
oxygen, however, they are converted into cyanates and sulphates, 

F 2 
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with disengagement of sulphurous acid. The sulphocyanides 
of the heavy metals are decomposed by heat, at first sulphide of 
carbon and sulphur, and on raising the temperature a mix- 
ture of nitrogen and cyanogen being disengaged. 

Hydrosulphocyanic acid, when separated from its compounds 
by mineral acids, forms a colourless liquid, which, however, in 
contact with air or on application of heat, is easily decomposed 
ito a variety of products, amongst which invariably a lemon- 
yellow powder appears. 

Salts of sesquioxide of tron impart to soluble sulphocyanides a 
deep blood-red colour, which affords a very characteristic reac- 
tion for these salts. 


OXYGEN ACIDS OF THE SALT-RADICALS. 
[PERCHLORIC ACID.] 
HO. Cl... 

Perchlorates are soluble in water; the potassa salt is rather 
difficultly soluble. Their solutions do not destroy vegetable 
colours, and are not decomposed either by acids, or reducing 
agents; neither sulphuric acid nor hydrochloric acid imparts a 
yellow colour to their solutions. When ignited they exhibit 
the same behaviour as chlorates. 


CHLORIC ACID. 
HO, C1LO.. 

All chlorates are soluble in water; their solutions do not 
possess bleaching properties ; they are however decomposed 
by sulphuric acid, with formation of perchloric acid, chlorine, 
hypochloric acid and oxygen being set free, which impart a 
yellow or brownish colour to the liquid. 

When mixed with sulphuric acid they destroy the colour of 
litmus in the cold, and decolour sulphindigotic acid on apph- 
cation of heat. 

All chlorates are decomposed by heat, with evolution of 
oxygen ; the alkaline chlorates in this process leave pure 
chlorides; most of the other chlorates give a residue of oxide, 
a mixture of oxygen and chlorine being disengaged. 
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Chlorates deflagrate violently, when heated with combustible 
bodies as carbon, sulphur, phosphorus, cyanides, etc. 


HYPOCHLOROUS ACID. 
Cl O. 

Hypochlorites as far as they are known are soluble in water ; 
they possess an astringent pungent taste and evolve the odour 
of chlorine; they are decomposed when heated by themselves 
or when exposed to light, most of them with evolution of 
oxygen, a mixture of chlorate and chloride remaining. 

Hypochlorites destroy vegetable colours especially on addition 
of an acid. 

They are decomposed by acids, only chlorine being evolved. 

Hypochlorites are powerful oxidising agents. 

They precipitate from salts of oxide of manganese brownish 
black hydrate of bmoxide of manganese. 

In lead salts they produce at first a white precipitate of 
chloride of lead, and then of brown binoxide of lead. 


BROMIC ACID. 
HO, BrO;. 

Most bromates are soluble in water; when heated alone, 
or with combustible bodies, they exhibit the same behaviour as 
chlorates. 

They are decomposed by oxygen acids, with disengagement of 
oxygen and bromine. 

By the action of hydrcchloric acid they are converted into 
chlorides, with formation of chloride of bromine. 

Hydrosulphuric acid reduces bromates to bromides, with sepa- 
ration of sulphur and formation of sulphuric acid. 

Sulphurous acid, when meeting with bromates, is converted 
into sulphuric acid, bromine Being set free. 

Subsalts of mercury produce in bromates a light-yellow pre- 
cipitate soluble in nitric acid. 

Nitrate of silver throws down a white bromate of silver, which 
is readily soluble in ammonia, but dissolves only with difficulty 
in dilute nitric acid. | 
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[PERIODIC ACID.] 
HO, I0O,. 
Most periodates are difficultly soluble in water, easily soluble 
in nitric acid. 
The silver salt is lght-yellow, and becomes blackish-red, 
when heated with water. 


IODIC ACID. 


FO, AO... 

Most iodates are insoluble or difficultly soluble in water ; only 
the neutral alkaline iodates are easily soluble. 

In solutions of iodates lead salts produce a white precipitate 
of iodate of lead. 

Silver salts throw down a white precipitate of iodate of silver, 
which is soluble in ammonia, but dissolves only with difficulty in 
nitric acid. 

When heated, iodates and periodates exhibit the same com- 
portment as chlorates. 

Todates are decomposed by chloride of tin and sulphurous 
acid, with separation of iodine, bimoxide of tin and sulphuric 
acid being formed. On adding some starch paste in this reac- 
tion, the characteristic blue compound 1s formed. 

Hydrosulphuric acid decomposes iodates, with separation of 
sulphur, water, sulphuric acid and an iodide being formed. 


CYANIC ACID. 
HO, Cy O. 

Most cyanates are soluble in water. They are decomposed by 
strong mineral acids, with effervescence, carbonic acid being dis- 
engaged, with a pungent odour from an admixture of undecom- 
posed cyanic acid; after this decomposition, the liquid contains 
an ammoniacal salt. 

KO,C, NO + 2HO, SO, + 2HO = 2CO, + NH, 0,80, + KO, SO,. 
hte Mey 2 BUS 
Cyanate of potassa. Carbonic acid. 


The alkaline cyanates are not decomposed by ignition. 
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ACIDS OF BORON, SILICON AND CARBON. 
BORACIC ACID. 
Bo Q,. 

This acid crystallises from the watery solution in scales contain- 
ing water; these crystals, when ignited, fuse to an anhydrous 
glassy mass. When alone, boracic acid is completely fixed ; 
when however an aqueous or alcoholic solution is evaporated, it is 
partly volatilised with the vapours of the solvent. 

The alkaline borates are readily soluble in water, the other 
salts are difficultly soluble, none insoluble; the latter are easily 
soluble in acids and ammoniacal salts. 

From moderately dilute solutions of borates, mineral acids 
separate boracic acid, which crystallises in scales. 

On heating a borate with concentrated sulphuric acid and 
alcohol, and kindling the latter, the boracic acid volatilising with 
the vapour, imparts a fine green colour to the flame. 

The blowpipe flame assumes the same green colour, when a 
mixture of a borate and bisulphate of potassa is heated on the 
platinum wire. 

On heating, most borates swell up and fuse into transparent 
glass, in which various oxides are soluble with various colours. 


SILICIC ACID. 
SiO,. 

Silicic acid occurs in nature both in a crystalline and in an 
amorphous state; when artificially prepared, it is always amor- 
phous, forming a white tasteless powder, which, when boiled with 
caustic alkalies and their carbonates, dissolves far more easily 
than even the finest powder of crystalline silicic acid. 

Silicic acid unites with bases in a great many proportions ; all 
silicates, with the exception of some alkaline silicates, are mso- 
luble in water. Many silicates may be decomposed by acids, 
such as those in which an alkaline base predominates, or those 
which contain water (zeolites). The form of the silicic acid 
separated, varies according to the nature of the silicate, and 
strength and quantity of the acid added. On saturating a 
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dilute aqueous solution of an alkaline silicate with hydrochloric 
acid, no decomposition can be observed, the soluble modification 
of silicic acid remaining dissolved. On evaporating, however, this 
solution to a certain point, or on decomposing a rather concen- 
trated solution of an alkaline silicate, silicic acid separates either 
as a flaky powder, or as a gelatinous mass, which, when dried, 
forms a white impalpable powder, insoluble in all acids except 
hydrofluoric acid, the soluble modification having been converted 
into the insoluble. 

Another class of silicates, when treated with acids, are only 
partially or aot at all decomposed. The decomposition of these 
silicates may, however, be effected by fusing them with 3 or 4 times 
their amount of a fixed caustic or carbonated alkali ; in this case 
a silicate with predominating alkaline base is produced, which 
contains silicic acid in the soluble form. 

If a silicate is to be tested for the alkalies (potassa, soda and 
[lithia])the decomposition is to be effected by hydrate of baryta. 

All silicates are completely decomposed by hydrofluoric acid, 
or what is equally good, by a mixture of fluoride of calcium 
(fluor spar) and concentrated sulphuric acid. The silicic acid, m 
this process, is disengaged as fluoride of silicon. 

Dilute solutions of alkaline silicates nearly neutralised by 
mineral acids (nitric acid) are precipitated by most heavy owides, 
by the salts of the alkaline earths and ammonia. This behaviour 
involves the necessity of separating silicic acid, when investi- 
gating for the bases, by evaporating the hydrochloric acid solu- 
tion to dryness, which converts the soluble modification into the 
insoluble. On digesting the dry mass with acid, all the basic 
oxides are dissolved, insoluble silicic acid remainmg behind. 

Pure amorphous silicic acid dissolves completely, when boiled 
with an aqueous solution of fixed caustic or carbonated alkalies. 

When heated before the blowpipe with carbonate of soda (this 
salt should be employed in very minute quantity) silicic acid 
yields a colourless transparent glass, carbonic acid being set free 
with effervescence. 

Fused phosphorus-salt dissolves only small quantities of silicic 
acid: the greater part swims in the red-hot bead as a swelled up 
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mass ; the glass obtained in this manner with pure silicic acid 
is always colourless, but according to the quantity in which it 
is present, more or less opaque. With small quantities, a 
transparent glass also in this way may be obtained. This 
behaviour allows us to ascertain the presence of silicic acid 
before the blowpipe with facility. 

(Titanic and tantalic acid,| which exhibit a behaviour similar 
to that of silicic acid, are separated from the latter by means of 
hydrofluoric acid, which does not volatilise the former. A mix- 
ture of titanic and silicic acid may be separated by fusing with 
an alkaline carbonate, exhausting the mass first with water, and 
treating the residue with cold concentrated hydrochloric acid. 
Ammonia precipitates from this hydrochloric acid solution a 
mixture of silicic and titanic acid, from which, after drying, only 
titanic acid is dissolved by strong hydrochloric acid. 


CARBONIC ACID. 
C10. 

At the common atmospheric pressure, carbonic acid is a colour- 
less transparent gas, not inflammable, and possessing a feebly 
acid odour. The specific gravity of this gas is nearly 1.5, 
alr=1, and it may therefore be poured from one vessel into 
another. 

All neutral carbonates, the alkaline excepted, are insoluble in 
water. They are all decomposed by strong mineral acids, with 
evolution of carbonic acid. The carbonates insoluble in water 
dissolve when a sufficient quantity of free carbonic acid is present 
in the form of bicarbonates. These solutions are reprecipitated 
by boiling, the excess of carbonic acid being expelled. 

When brought together with lime and baryta-water, carbonic 
acid gas or its aqueous solution forms a white precipitate of 
carbonate of lime or carbonate of baryta, which is soluble in 
hydrochloric acid, with effervescence. 

When ignited, carbonates lose their carbonic acid, with the 
exception of the carbonates of the alkalies and some alkaline 
earths (baryta, strontia). 


1A, OXALIC ACID. 


ORGANIC ACIDS. 
The greater number of organic acids cannot be safely dis- 
tinguished qualitatively ; a smaller number, however, embracing 
just those occurring most frequently, may be qualitatively 


recognised. 
These are the following :— 

Oxalic acid. [Quinic acid. | 
Tartaric acid. [ Meconie acid. | 
{| Racemic acid. | Gallic acid. 
Citric acid. Tannic acid. 
| Malic acid. | Unic acid. 
Succinic acid. Acetic acid. 
Benzoic acid. Formic acid. 


The ten former of these acids are not volatile without decom- 
position, the latter four may be sublimed or distilled unde- 
composed. 

The compounds of all these acids with the alkalies and the 
alkaline earths, when ignited with exclusion of the atmosphere, 
are converted into carbonates, with separation of carbon, oxalates 
only excepted, which are not blackened by ignition. 

The non-volatile organic acids are blackened when heated 
with concentrated sulphuric acid, carbonic acid, carbonic oxide 
and sulphurous acid being disengaged. Oxalic acid forms an 
exception even here, this acid being decomposed by sulphuric 
acid into carbonic acid and carbonic oxide, without separation 
of carbon. 

The following are the characteristic reactions of these acids. 


a. OXALIC ACID. 
HO, C, O, = HO, O. 

Oxalates soluble in water produce with lime-water, or soluble 
lime-salts, even with sulphate of lime, a white precipitate of 
oxalate of lime, which is insoluble in acetic acid, but dissolves 
readily in hydrochloric and nitric acids. Oxalates isoluble 
in water and dissolved in acids produce the same precipitate 
after a sufficient quantity of acetate of ammonia has been added. 
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6. TARTARIC ACID. 


2 HO, C, H, O,, = 2 HO, T. 

Tartaric acid and tartrates, when heated, evolve a very pecu- 
har odour. An aqueous solution of tartaric acid and a tartrate 
is precipitated by an excess of lime-water. 

In solutions of the tartrates chloride of calcium produces the 
same precipitate, which dissolves readily in ammoniacal salts 
and cold potassa. 

The solution of this precipitate in potassa forms a gelatinous 
mass on boiling, which disappears again on cooling. 


[c. RACEMIC ACID.} 
HO, C, H, O, = HO, R. 
Racemic acid (paratartaric acid) is distinguished from tartaric 
acid by the insolubility of its lme-salt in ammoniacal salts, and 
in an excess of racemic and tartaric acids. 


d. CITRIC ACID. 
nO. C,, Hy OO. = § HO. Ci. 

Lime-salis do not precipitate an aqueous solution of citric 
acid or citrates i the cold; on boiling, however, a white pre- 
cipitate of citrate of lime is obtained, if the liquid be neutral, 
or if it contain an excess of lime-water or free ammonia. This 
precipitate is insoluble in potassa, but soluble both in ammo- 
niacal salts and free acids. 


[e. MALIC ACID.] 
2 HO, C, H, O, = 2 HO, M. 

When heated in a testtube malic acid is decomposed, with 
formation of a crystalline sublimate of maleic acid, fumaric acid 
remaining behind. 

Acetate of lead produces in aqueous solutions of malic acid, 
or malates, a white precipitate of malate of lead, which when 
remaining in the liquid for some time becomes crystalline. 
This precipitate, if not mixed with another imsoluble salt, fuses 
into a transparent mass, if the liquid be boiled. 
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Lime-water does not precipitate malic acid, either in the 
cold or on boiling. 


[f. QUINIC ACID.] 
| 2 HO, C, H, O, = 2 HO, Qui. 

Even very small quantities of this acid may-be detected by 
transforming it into quinone. For this purpose the liquid under 
examination, concentrated by evaporation, is distilled with half 
its weight of sulphuric acid and binowide of manganese. If 
quinic acid be present, the first portion of the distillate is yellow 
(shooting into yellow crystals, if a large amount of acid is used), 
which assumes a blackish-brown colour on being mixed with 
ammonia. Chlorine water renders it light-green. 


[g. MECONIC ACID.} 
8 HO,C,, HO, = 3 HO, Me. 

Salts of sesquioxide of tron impart to solutions of meconic acid 
or meconates a blood-red colour. 

Hydrochloric acid precipitates from meconates meconic acid 
in very slightly soluble crystals, shining lke mother o’ pearl. 

Meconic acid is decomposed by potassa into oxalic acid, car- 
bonic acid and a dark reddish-brown substance. 


h. TANNIC ACID. 
HO,.C,, MH. O. => ED, Gi. 

This acid is precipitated by mcneral acids, in the form of a 
paste. It is thrown down also by dilute starch-paste, by gelatine 
and albumen. 

Tannic acid may be completely withdrawn from its solution 
by placing into it a piece of animal membrane. 

Salis of sesquioxide of iron produce in solutions of tannic 
acid, or tannates, a dark blackish-blue precipitate. 

The same effect is produced by salts of oxide of iron, but only 
on exposing the mixture to the air. 
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i. GALLIC ACID. 
2 HO, C, HO, = 2H 0, G. 

The solutions of this acid are not precipitated by solutions of 
gelatine or by animal membrane. By this behaviour it may be 
distinguished and separated from tannic acid. 

An alkaline solution of gallic acid, when exposed to the air, 
assumes successively a yellow, green, red, and at last a brownish- 
black colour. 

Salts of sesquioxide of iron produce a dark-blue precipitate in 
solutions of gallic acid. 

With salts of oxide of iron the precipitate is black. 


k. URIC ACID. 
HO,C, HN, O, = HO, U. 

Mineral acids separate uric acid from its compounds in form 
of a white crystalline powder. 

On dissolving uric acid in nitric acid, evaporating nearly to 
dryness and saturating with ammonia, a beautiful purple-red 
colour is obtained. 

On fusion with alkalies uric acid disengages ammonia, the 
residue, if not too powerfully heated, containing a mixture of 
cyanide of potassium and cyanate of potassa. 


l, SUCCINIC ACID. 
HO,.C, HO, = HO.-s. 

Almost all the salts of this acid are soluble in water. 

Salts of sesquioxide of iron produce in neutral solutions a 
brownish-red voluminous precipitate, which is readily soluble in 
acids. Ammonia renders it darker, a quantity of succinic acid 
being withdrawn. 

Solutions of succinic acid, after addition of alcohol and 
ammonia, are precipitated also by chloride of barium. 


m. BENZOIC ACID. 
HO, C,, H, 0, = HO, Bz O.= HO, Be. 
Benzoic acid is very shghtly soluble in cold water, being less 
so than succinic acid ; it is therefore precipitated in the form of 
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a white crystalline powder on decomposing its salts by hydro- 
chloric acid. 

With sesquichloride of iron it exhibits the same behaviour as 
succinic acid ; the precipitate, however, is not brownish-red, but 
pale-yellow. Both acids on being heated evolve vapours, which, 
irritating the air-passages, produce coughing. 


nm. ACETIC ACID. 
HO, C, H, O, = HO, Ac O, = HO, A. 
All the salts of acetic acid are soluble in water; only the 
silver and mercury salts are but slightly soluble. Most acetates 
when heated evolve acetone, which is inflammable and possesses 


a very characteristic odour. 


KO, C, HO0,-—.KO/CO,, 4+.C)H, 0. 
Se ee ae Kd See gg ad) 
Acetate of potassa. Acetone. 


Salis of sesquioxvide of iron impart to solutions of acetates a 
blood-red colour. 

When heated with a mixture of sulphuric acid and alcohol, 
acetates disengage acetic ether, easily distinguished by its cha- 
racteristic odour. 

A solution of free acetic acid, when digested with an excess 
of oxide of lead, yields an alkaline solution, a property which 
formic acid does not possess. 

Acetates, when heated with potassa and arsenious acid, dis- 
engage oxide of kakodyl (v. p. 43). 


0. FORMIC ACID. 
HO, C,H O, = HO, Fo O, = HO, F. 

Formic acid and formiates may be recognised by their pos- 
sessing the property of reducing the oxides of the precious 
metals, with evolution of carbonic acid. For this purpose the 
solution to be examined for formic acid is heated with nitrate of 
silver, subnitrate of mercury or finely powdered oxide of mercury. 
Formic acid by this process is completely destroyed. 

HO, C,H O, + 2HgO = 2 Hg + 2CO, + 2 HO. 
Acetic acid subjected to the same treatment is not decomposed. 
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On gently heating chloride of mercury with formiates, sub- 
chloride of mercury is first precipitated and afterwards reduced 
to metallic mercury. 

Concentrated sulphuric acid decomposes formic acid, and 
formiates, with evolution of pure carbonic oxide. 

HO, C, HO, + HO, SO, = 2 CO + HO, 80, + 2HO. 
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SECTION ITI. 


COURSE OF QUALITATIVE ANALYSIS. 


I.—PRELIMINARY EXAMINATION OF SOLIDS. 
SOLUTION. 


Brrore subjecting a solid substance to qualitative analysis, 
its physical properties should be carefully observed. The form, 
colour, lustre, specific gravity, &c. of bodies, in many cases, may 
indicate much with respect to their composition. 

The proper qualitative analysis, moreover, should always be 
preceded by an examination in the dry way, comprising the 
comportment of the substance at a high temperature, with access 
of air, and with exclusion of air, alone, and in presence of some 
reagents, which effect either simple solution, or chemical 
decomposition. 

This preliminary examination embraces only the following few 
experiments, from the results of which however many definite 
conclusions may often be drawn, especially after some experience. 

1. The substance is to be heated on platinum-foil (in a small 
iron spoon or a porcelain dish), and in a dry testtube over the 
spirit-lamp. 

2. It is to be ignited by the blowpipe flame in a glass tube, 
open at both ends, held obliquely. 

3. The substance is acted on upon charcoal with the different 
flames of the blowpipe, either alone or with carbonate of soda, or 
with a mixture of carbonate of soda and cyanide of potassium ; 
or it is heated with phosphorus-salt or borax on platinum-wire. 

4. The substance is heated in a testtube with concentrated 


sulphuric acid. 
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3. Successive treatment of the finely-powdered substance 
with different solvents, viz., water, hydrochloric acid, nitric acid, 
and nitro-hydrochloric acid. 

6. Substances, which are insoluble in the above-mentioned 
solvents, are to be heated with from three to four times their 
weight of carbonate of soda, with hydrate of baryta, with bisul- 
phate of potassa, with a mixture of nitre and carbonate of soda, 
or in an atmosphere of chlorine. 

In making these preliminary experiments, only a small por- 
tion of the substance under examination is employed. From 
the results obtained, the process is to be inferred to which the 
greater part of the substance must be subjected, in ordexz to 
obtain it in solution. 


By the first experiment (heating the substance on platinum- 
foil and in a testtube) we ascertain, whether it is wholly or 
partially volatile or not volatile, whether it fuses, changes colour, 
or decomposes into other products; whether the solid, or its 
volatile constituents, are combustible, and whether these latter 
escape as permanent gases or condense into a liquid distillate, 
or a solid sublimate, &c. 

Most minerals, and a great number of chemical compounds, 
disengage water, which condenses on the colder part of the 
testtube into droplets or a thin film. 

This water must always be examined by testpapers for an 
acid or alkaline reaction. 

Salts of ammonia and mercury compounds are com- 
pletely volatile, some with decomposition, others undecomposed ; 
this property belongs also to some sulphides, selenides, and 
oxides, ex. gr., those of arsenic. 

If a solid substance blackens on heating (separation of charcoal) 
the presence of organic matter is almost certain. Oxalates 
only are decomposed without blackening. All organic matter 
disappears completely when ignited continuously in contact with 
the atmosphere. Compounds of organic acids with alkalies or 
alkaline earths leave, after ignition, carbonates, which may be 
recognised by treating the ignited residue with acids, the absence 
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of carbonic acid in the substance to be examined having been 
previously ascertained. The compounds of organic acids with 
other oxides leave either pure oxides or reduced metal. When 
organic substances are present, the examination for non-volatile 
inorganic constituents is greatly facilitated by igniting them in 
a porcelain, or platinum* crucible in contact with the air. 

Some metallic oxides when ignited assume another (in most 
cases darker) colour than they possess at common temperatures. 
Oxide of zinc, binoxide of tin [titanic acid] become 
yellow; oxide of lead, teroxide of bismuth, and oxide of 
mercury far darker, almost black. 

Many compounds of inorganic acids, with the alkalies and with 
alkaline earths, (nitrates, chlorides, &c.,) fuse on ignition ; 
salts containing water of crystallisation lose this water on 
ignition, some of them with intumescence (borates), others with 
decrepitation (chloride of sodium, &c.). 

A great many salts lose, with their water, part of or all their acid, 
either decomposed or undecomposed, ex. gr., the compounds of 
heavy oxides, and alkaline earths, with carbonic acid, 
sulphuric acid, nitric acid, chloric acid, bromic acid, 
iodic acid. The last three, also, when combined with 
alkalies, are destroyed by heat. 


On heating a substance in a tube open at both ends, the 
presence of sulphides is easily ascertained (formation of sul- 
phurous acid) also [selenides]| and compounds of arsenic may 
be recognised in this way. If in this treatment a white infusible 
sublimate is formed, the presence of arsenious acid or ter- 
oxide of antimony is very probable. [Tellurous acid] and 
teroxide of bismuth also form white sublimates, which, how- 
ever, fuse on heating, the former into colourless, the latter into 
brown or yellow drops. 


* If compounds of metals, and especially of those metals which are easily 
reducible, and fusible, as lead, arsenic, antimony, tin, &c., are present in the sub- 
stance under examination, the use of platinum crucibles is always to be avoided, 
for easily fusible alloys of platinum with these metals form, and destroy the 
crucibles. 
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Many sulphides (sulphides of mercury and arsenic) 
volatilise without decomposition, and also the combinations of 
mercury with chlorine, all other compounds of this metal 
yielding a grey incrustation, which by rubbing, forms metallic 
globules. Fluorides are easily recognised by their action on 
glass, when heated together with phosphorus-salt ov bisulphate 
of potassa. 


If a saline substance fuses, when heated on charcoal before the 
blowpipe, the presence of alkalies is very probable. From a 
white infusible residue it may be inferred, that alkaline earths 
are present. Alkaline salts, in this case, either fuse into the 
charcoal or form beads. A great many metals and sulphides are 
fusible in the blowpipe-flame, most oxides are infusible; the 
earths, especially lime [and zirconia] become very luminous in 
the blowpipe-flame. On moistening a white infusible residue 
obtained in this way on the charcoal with codalt-solution, and 
igniting again strongly, from the production of a green colour, 
oxide of zinc, from a flesh-red colour, magnesia, and from a 
blue colour, alumina may be inferred: the colour, although 
less intense, appears, however, also with many phosphates and 
silicic acid. 

Nitrates, [perchlorates,] chlorates, bromates and 
iodates deflagrate on ignited charcoal. 

Gold, silver, copper and tin compounds, when heated with 
a mixture of carbonate of soda and cyanide of potassium in the 
inner flame of the blowpipe, yield metallic beads, but no incrus- 
tations ; iron, nickel, cobalt, platinum, [tungsten and 
molybdenum| compounds give neither beads, nor imcrusta- 
tions; bismuth, lead and cadmium compounds produce a 
yellow or brown deposit on the charcoal; antimony, zinc [and 
tellurium] give a white incrustation; arsenic may easily be 
recognised by its odour. 

The salts of alkalies, when heated with carbonate of soda, 
fuse into the charcoal; the earths remain as an infusible mass. 
Silicic acid on charcoal, as well as on platinum-wire, fuses with 
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carbonate of soda into a transparent glass. Titanic acid forms 
an opaque greyish-white glass. 

Compounds of manganese, when heated with carbonate of 
soda in the oxidising flame of the blowpipe, produce a bluish 
green mass (manganate of soda). 

If after fusion with carbonate of soda in the inner flame 
of the blowpipe a brown residue is obtained, which when 
moistened with water produces a black spot on silver foil, and 
disengages hydrosulphuric acid when drenched with an acid, 
sulphur is present, either in form of a sulphide, or as a salt of 
an oxygen acid of sulphur. 

Almost all oxides fuse into transparent glasses, either colour- 
less or coloured, when heated with phosphorus-salt on pla- 
tinum-wire before the blowpipe. : 

The colour of the glasses obtaied in this manner may vary 
according to the flame in which they are produced. 

The oxides of the alkali-metals, and of the metals of the 
alkaline earths generally, produce colourless glasses, whilst 
glasses obtained with oxides yielding coloured salts, are in general 
also coloured. Silicic acid is insoluble or almost insoluble 
in phosphorus-salt, a reaction, by which this acid and its com- 
pounds may be easily distinguished. - 


On heating a solid substance with concentrated sulphuric 
acid, we ascertain at once, whether a volatile acid is present or 
not. In most cases, from the odour or colour of the gas disen- 
gaged, or from the products of decomposition evolved, the nature 
of the acid may be inferred. Sulphides, by this treatment, give 
off hydrosulphuric acid mixed with sulphurous acid; all the 
inferior oxides of sulphur disengage sulphurous acid.— 
Nitrates and nitrites, the former in presence of most metals 
(copper) evolve red fumes of nitrous acid. Chlorates disen- 
gage a yellow gas (chlorine and hypochloric acid); bromates a 
mixture of bromine and oxygen. Chlorides, with afew excep- 
tions, give off hydrochloric acid; bromides and iodides, 
brown vapours of bromine, or violet clouds of iodine, with a 
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simultaneous disengagement of sulphurous acid. Fluorides 
evolve hydrofluoric acid, etching glass. Cyanides yield carbonic 
oxide, burning with a blue flame, or, if the sulphuric acid be 
less concentrated, hydrocyanic acid. Oxalates, a mixture of 
carbonic acid and carbonic oxide ; carbonates, pure carbonic 
acid. Most organic compounds are decomposed when heated 
with strong sulphuric acid, sulphurous acid, carbonic acid, and 
carbonic oxide being disengaged, which often renders it difficult 
to recognise the presence of volatile acids—The salts of the 
acids not volatile and undecomposable by sulphuric acid (phos- 
phoric acid, arsenic acid, boracic acid, silicic acid, and 
iodic acid), remain either undecomposed, or yield, at least, no 
volatile compounds. 


After the preliminary investigation has pomted out to which 
class of compounds the substance under examination belongs, 
we now must bring it into that form, which is most fitted for 
analysis, 7.e., we must dissolve it. If a substance occurs in 
large pieces, or a coarse powder, we must first reduce it by 
mechanical means to as fine a powder as possible. In many 
cases it is necessary to levigate it; this applies to all minerals, 
especially to silicates, and in general to all compounds which are 
decomposed with difficulty. 

It is now first to be tried, whether the substance is wholly, or 
partly, soluble in water (in the latter case, a drop of the liquid, 
when evaporated on platinum foil, will leave a visible spot), 
and then the aqueous solution is to be examined, whether it is 
neutral, alkaline or acid.—If a substance be only partly soluble 
in water, the constituents of the dissolved and of the undissolved 
portion are to be ascertained separately. If water does not dis- 
solve anything, the action of dilute or concentrated hydrochloric 
acid is to be tried, and attention should be paid to the gases, 
which are disengaged in the process. From carbonates, hydro- 
chloric acid expels carbonic acid with effervescence ; peroxides 
evolve chlorine ; many sulphides, hydrosulphuric acid ; and 
some metals, hydrogen gas. 

Hydrochloric acid either dissolves the substance completely, 
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or aresidue remains, which is to be carefully separated from 
the liquid. 

This residue, or a substance insoluble in hydrochloric acid, we 
now treat with nétric or nitro-hydrochloric acid. Many sul- 
phides by treatment with nitric acid leave sulphur, which by 
continued action of the acid, collects into yellow drops, swim- 
ming in the liquid. From selenides, by the same process, 
selenium is separated in the form of a brown viscid mass. 
Sulphuric and selenic acids are formed simultaneously in this 
process. When lead is present, white sulphate of this metal 
is formed. Sulphideof mercury does not dissolve in nitric 
acid, but is easily decomposed by nitro-hydrochloric acid. Most 
metals dissolve in nitric acid; antimony and tin, when acted 
on by nitric acid, yield white oxides insoluble in an excess of 
the acid. 

If the substance under examination be insoluble in water, 
hydrochloric, nitric or nitro-hydrochloric acids, it is either a 
sulphate (sulphate of baryta, of strontia, of lime, of oxide of 
lead), a chloride, bromide, or iodide (silver, lead), a silicate 
(titanate, tantalate, tungstate] or itisafluoride. Some 
phosphates and arseniates and some oxides (binoxide of 
tin, antimonic acid, sesquioxide of chromium, sesquioxide of iron) 
when previously ignited, are also insoluble or difficultly soluble 
in nitro-hydrochloric acid. By a few blowpipe experiments 
(with carbonate of soda on charcoal, with phosphorus-salt on 
platinum-wire) we ascertain at once, whether a reducible 
metal, a sulphate or silicate is present. All compounds 
insoluble in acids are decomposed by fusion with alkaline car- 
bonates, i.e., their constituents transpose in such a manner, that 
they now exist in a soluble state. The sulphates of the alkaline 
earths may partially be decomposed even by boiling with a 
solution of an alkaline carbonate; in the hot filtered liquid 
sulphuric acid may be detected; the powder insoluble in water 
containing the base in form of a carbonate. Sulphate of 
lead, when digested with sz/phide of ammonium is converted into 
black sulphide of lead and sulphate of ammonia. Silicates 
[titanates and tungstates| are fused for some time with a 
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mixture of carbonate of potassa and carbonate of soda, or if we 
have to test for alkalies with hydrate of baryta; the fused mass 
is then treated with dilute hydrochloric acid, the mixture evapo- 
rated to dryness, and the residue insoluble in water examined 
for silicic [titanic and tungstic] acid, &c. All the other com- 
pounds are contained in the hydrochloric acid solution. 


2. QUALITATIVE ANALYSIS OF THE SUBSTANCE IN SOLUTION. 


After having succeeded in obtaining, according to one of 
the methods described, a solution of the body under exami- 
nation, the question now is, what are the components of this 
solution? The physical examination of a mineral, the preli- 
minary examination of a solid in the dry way, its behaviour 
with different solvents, generally indicate at once the presence of 
one or another compound. These hints however sometimes do not 
suffice, or the body may contain other compounds besides those 
indicated by the preliminary examination ; we must then pro- 
ceed with the regular analysis in the moist way, 7.e., by bring- 
ing the solution together with different known compounds, 
which are called reagents. By the phenomena and changes 
obtained im this way, and dependent on the production of new 
compounds of known properties, the presence of any given 
constituent is inferred. Now it is evident at once, that the 
solution of the substance under examination cannot be mixed 
at random with the first reagent which presents itself, but that 
a certain series of trials must be made systematically. The 
basis of this system is the behaviour of bodies, with general 
reagents, which are always employed in order to separate the 
components of the solution into different groups, well known 
and defined, by which a further separation and distinction is 
very much facilitated. 


General reagents are— 


a. For the oxides of the metals :— 
Hydrosulphuric acid. 
Sulphide of ammonium. 
Carbonate of ammonia. 


88 ANALYSIS OF THE SUBSTANCE IN SOLUTION. 


Ammonia, and 
Potassa. 


6. For the acids :— 
Chloride of barium. 
Chloride of calcium. 
Nitrate of silver. 
Sesquichloride of iron. 


In the qualitative analysis of liquids (¢.e., of solutions which 
we have not prepared ourselves) it 1s necessary— 

1. To try by evaporating a portion on platinum foil, or in 
a porcelain dish, whether the liquid contains volatile, or non- 
volatile components. In the latter case, the residue left on 
evaporation is to be subjected to all the experiments which 
constitute the preliminary examination of a solid, except of 
course those relating merely to the solution of the substance. 

2. To try by testpapers whether the liquid possesses a 
neutral, an acid, or an alkaline reaction. 

These simple experiments should never be omitted, as from 
their results the presence of whole groups of bodies may be 
inferred; of course in a liquid, which leaves no residue by 
careful evaporation, violent ebullition having been avoided, 
we never search for fixed bases. A neutral solution generally 
contains only salts of the pure alkalies, and alkaline earths; 
the saline solutions of most other oxides possessing an acid 
reaction. The presence of a free alkali in a solution (espe- 
cially in the absence of organic compounds) excludes all 
oxides insoluble in alkaline hquids; and if this alkaline re- 
action is owing to carbonates of the fixed alkalies, the presence 
also of alkaline earths is impossible. (Exceptions are sesquioxide 
of iron, sesquioxide of chromium, etc., in presence of non-volatile 
organic substances, oxides soluble in cyanide of potassium and 
alkaline sulphides, cyanides, sulphides and some others.) Thus 
from the presence of certain oxides the absence of certain 
acids may be inferred. A solution, in which we have found 
oxide of silver or suboxide of mercury, is not to be examined 
for hydrochloric acid ; in a solution containing sulphuric acid, we 
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need not search for baryta, strontia, or oxide of lead. A metal 
completely soluble in nitric acid cannot contain gold, tin, etc. 

The solution of a solid, obtained in one or the other way, is 
now divided into two parts, of which one is devoted to the 
detection of the bases, while the other is reserved for finding 
out the acids. 


A. DETECTION OF THE BASES, OR ELECTROPOSITIVE BODIES. 


The principal guide for detecting the bases is Table I., which 
exhibits their behaviour with general reagents very perspicu- 
ously. <A little reflection on the contents of this table will 
render easily intelligible the system to be followed ; an example 
however will facilitate its apprehension to the student. 

Let us suppose, that we have in solution six bases, one 
belonging to each of the six sections, teroxide of antimony, 
oxide of cadmium, oxide of nickel, alumina, baryta, 
and magnesia. 

On adding an excess of hydrosulphuric acid-water or passing 
hydrosulphuric acid-gas through the acidulated solution, till 
the liquid even after shaking possesses a strong odour of this 
reagent, antimony and cadmium are precipitated in the form 
of sulphides. These sulphides are filtered off, washed and sepa- 
rated according to the direction given in Table IT. 

The acid solution filtered off from the precipitate obtained 
by hydrosulphuric acid is now first mixed with some chloride 
of ammonium, then neutralised by ammonia (an excess of 
ammonia does no injury), and treated by sulphide of ammo- 
nium as long as a precipitate 1s produced. 

This reagent in the example before us throws down sulphide 
of nickel and alumina, which are filtered off, washed and 
separated according to Table III. 

To the liquid filtered off from the precipitate produced by 
sulphide of ammonium is now added carbonate of ammonia, and 
some free ammonia; a precipitate of carbonate of baryta 
is thrown down, which is further examined, as pointed out 
below. 

To a portion of the filtrate from the alkaline earths (baryta) 
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phosphate of soda now is added; the crystalline precipitate 
which is produced shows the presence of magnesia. The 
further examination of this precipitate, and the method for the 
detection of the fixed alkalies (potassa, soda, [lithia]) 1s 
pointed out below (p. 95). For ammonia the original solution 
is to be tested.* 

In the qualitative analysis of compound bodies several rules 
are strictly to be followed :— 

1. The precipitation by general reagents must be 
complete. The precipitant is to be added by degrees as long 
as a precipitate takes place. In the case of hydrosulphuric acid 
complete precipitation is known by the liquid possessing 
a strong odour of this gas even after shaking. ‘The application 
of a gentle heat in almost all cases promotes the complete 
separation of the imsoluble compound produced. If from the 
result of the preliminary examination, the presence of arsenic 
(in the form of arsenic acid) is concluded, the acidulated solu- 
tion before the addition of hydrosulphuric acid is boiled with 
sulphurous acid, which renders arsenic precipitable at once by 
hydrosulphuric acid. Some metals (platinum, iridium, rhodium), 
are only slowly thrown down by hydrosulphuric acid; on 
digesting however the solution at a gentle heat during from 
twelve to twenty-four hours a complete precipitation takes 
place. 

2. The precipitates of the several groups are to be 
separated completely from the members of the follow- 
ing groups still in solution. This is effected by washing 
with water (to which in certain cases small quantities of 
sulphide of ammonium are added) either on the filter (by filtra- 
tion), or in the testtube (by decantation). 

The neglect of these precautions defeats the purpose of the 
whole analysis; the members of the various groups become 
mixed, and in the different stages of the analysis, reactions are 


* It is convenient after the precipitation of each group, to ascertam whether 
the filtrate still contains a member of the following groups, For this purpose a few 
drops of each filtrate are evaporated on platinum foil ; if on igniting, there remains 
no distinct residue, the liquid is not to be tested further for fixed constituents. 
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obtained belongnmg to the imcompletely separated members 
of other groups, and the student thus becomes completely 
confounded. 

3. The mineral acid used m acidulating the original solution 
(if not already sufficiently acid) is hydrochloric acid or nitric 
acid. Both are employed dilute or, if concentrated, in such 
small quantities as not to prevent the formation of msoluble sul- 
phides. Generally hydrochloric acid is chosen, and then the 
following points are to be considered. 

Hydrochloric acid precipitates completely two oxides 
(oxide of silver, and suboxide of mercury); another 
oxide (oxide of lead) is partially thrown down. On 
obtaimmg therefore a white precipitate by addition of 
hydrochloric acid to the original solution, the presence of 
one, or some of these oxides may be inferred. In this case a 
sufficient quantity of hydrochloric acid is added, and the 
precipitate examined according to Table IL.: 

“ Precipitate produced by hydrosulphuric acid; por- 
tion insoluble in sulphide of ammonium; precipitate 
obtained by hydrochloric acid.” 

The precipitate, which is now produced by hydrosulphuric ver 
is of course not further examined for oxide of silver and 
suboxide of mercury; it must however be tested for lead, 
chloride of lead being slightly soluble. The same applies to the 
original solution containing already hydrochloric acid. If the 
original liquid has been acidulated by nitric acid instead of hydro- 
chloric acid, a portion of the original solution is to be tested for 
suboxide and oxide of mercury, in case the precipitate 
produced by hydrosulphuric acid be not completely soluble in 
concentrated nitric acid; the nitric acid solution of the pre- 
cipitate of course is also to be tested for oxide of silver by 
means of hydrochloric acid. 

If the original solution was alkaline, a precipitate obtained 
by hydrochloric or nitric acid may consist of silicic acid, a 
metallic oxide soluble in alkalies, a metallic acid, ora 
sulphide, chloride, iodide, bromide, or cyanide. 

4. A white milky cloudiness, or precipitate, which appears on 
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addition of hydrosulphuric acid to the sufficiently acidulated 
solution, is owing to the separation of sulphur, and indicates 
sesquioxide ofiron,a higher oxide of manganese, chromic 
acid (in this case the solution originally red or yellow turns 
green), chloric acid, bromic acid, iodic acid, sulphurous 
acid, or some other oxygen acid of sulphur, &c. Free 
chlorine and also hypochlorous acid cause a separation 
of sulphur. Which of these compounds has precipitated the 
sulphur is to be ascertained in the further examination. In 
case of the simultaneous precipitation of a sulphide, the separa- 
tion of sulphur cannot be observed, and particular experiments 
must decide the state in which a constituent, found in the 
course of the analysis, was present in the original solution. In 
a solution, ex. gr., iron, has been precipitated by means of swi- 
phide of ammonium; we have now to ascertain whether the 
original solution contained sesquioxide, or oxide, or both. The 
same applies to various oxides, as the oxides of tin, anti- 
mony, and arsenic, which, by hydrosulphuric acid, are thrown 
down indeed in the form of sulphides, corresponding to the 
original oxides, but from the solution in sulphide of ammonium 
are always obtained in the form of the highest sulphides. 

5. If in the systematic course of qualitative analysis we find, 
by the reagents pointed out in the tables, that a substance con- 
tains one, or several members of one, or different groups, we have 
now (and this applies especially to the beginner) to institute, 
with the original body, as well as the constituents separated, a 
series of experiments, by which the results obtained may be 
controlled. These confirmatory experiments should never be 
omitted by the student ; his intention being not only to make 
himself acquainted simply with the course of qualitative analysis, 
but to become familiar with the behaviour of bodies under all 
circumstances. It is only by following exactly this important 
rule that the less experienced student protects himself from 
errors and deceptions, generally arising from want of knowledge 
of the behaviour of bodies, or from not observing the conditions 
which insure the success of his experiment, #.¢., the exhibition of 
the phenomenon, which constitutes the proof of the presence of 
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a compound. For this purpose we have given, in the first and 
second section of this outline, a full account of the behaviour of 
bases and acids with reagents, from which the details of his 
confirmatory experiments may be obtained. 

The qualitative analysis of a substance containing various 
bases, as may be inferred from the preceding remark as well as 
from the synoptical tables, consists in the examination of the 
different precipitates obtained by the general reagents succes- 
sively employed, as has been explained. 

We have, therefore, to examine first— 


I. THE PRECIPITATE OBTAINED BY HYDROSULPHURIC ACID, 
which, according to its behaviour with sulphide of ammonium, 
is divided into, | 

a. A portion soluble in sulphide of ammonium, and 

6. A portion insoluble in sulphide of ammonium. 


The second examination embraces, 


Il, THE PRECIPITATE OBTAINED BY SULPHIDE OF AMMONIUM. 


We have then, thirdly, to examine 


Ill. THE PRECIPITATE OBTAINED BY CARBONATE OF AMMONIA 


in the liquid filtered from the preceding precipitate. It 
contains the carbonates of the alkaline earths. 
The fourth examination embraces, 


IV. THE REMAINING SOLUTION, 


containing magnesia and the alkalies. 


J. PRECIPITATE OBTAINED BY HYDROSULPHURIC ACID. 


If, on adding a few drops of hydrosulphuric acid-water to a 
small portion of the acidulated liquid, a precipitate is obtained, 
the whole liquid is treated with a stream of hydrosulphuric acid 
gas, the precipitate filtered from the liquid and washed. The 
precipitate, when still moist, is now digested with a sufficient 
quantity of sulphide of ammonium, containing an excess of 
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sulphur, and thrown on a filter, in order to separate the 
soluble portion, and washed.* The soluble, as well as the in- 
soluble portion, are to be further examined according to Table IT. 


II, PRECIPITATE OBTAINED BY SULPHIDE OF AMMONIUM. 


This precipitate, as may be seen from Table I., consists of 
sulphides, oxides, and salts. 

Most sulphides belonging to this group possess a black or at 
least a darkish colour, as nickel, cobalt, iron [uranium]; 
but sulphide of manganese is flesh-coloured, and sulphide 
of zinc is white. Oxides and salts are colourless, with the excep- 
tion of sesquioxide of chromium, which is green; [white 
oxide of cerium, when in contact with the air, assumes a 
brownish colour]. 

It is evident, that a completely white precipitate, obtained by 
sulphide of ammonium, ought not to be examined for those 
metals, the sulphides of which are black or of a darkish colour ; 
in a black precipitate, of course, all the others may be contained. 
The sulphides of this group are soluble in hydrochloric acid 
with evolution of hydrosulphuric acid ; (sulphide of nickel and 
cobalt, however, are only very difficultly decomposed by hydro- 
chloric acid). If the precipitate, well washed, does not disen- 
gage hydrosulphuric acid, when treated with hydrochloric acid, 
it consists merely of oxides and salts. The further examination 
is carried out according to Table III. 


III. PRECIPITATE OBTAINED BY CARBONATE OF AMMONIA. 


The liquid filtered from the precipitate, obtamed by sulphide 
of ammonium, is now mixed with carbonate of ammonia and 


* This experiment should always first be made with a small quantity of the 
precipitate, in order to ascertain whether indeed a portion of the sulphides is inso- 
Juble in sulphide of ammonium. Wf hydrochloric acid produces a coloured preci- 
pitate in the filtrate—a white precipitate being due only to the separation of 
sulphur—the whole quantity of the precipitate obtained by hydrosulphuric acid is to 
be treated by sulphide of ammonium. If the sulphides contain sulphide of 
copper, sulphide of ammonium generally dissolves a small quantity of this metal. 
If therefore we find copper in the insoluble part of the precipitate sulphide of 
potassium, instead of sulphide of ammonium should be employed for digestion. 
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ammoma and gently heated.* The precipitate obtained in this 
way may contain carbonate of baryta, strontia and lime. 
It is filtered off, washed and dissolved in dilute hydrochloric 
acid. 'The solution now containing the chlorides of the metals 
of the alkaline earths is then to be tested with, 

1. Sulphate of lime. A precipitate produced immediately 
indicates the presence of baryta; a precipitate appearing only 
after some time, is a proof of strontia. If a solution is not 
precipitated, it can contain only lime. 

2. If baryta or strontia is present, another portion of the 
hydrochloric acid solution is precipitated completely by dilute 
sulphuric acid. If on saturating the filtrate with ammonia, and 
adding oxalate of ammonia, a white precipitate takes place, the 
presence of lime is proved. 

3. If baryta is present a third portion of the hydrochloric 
acid solution is evaporated to dryness, the residue digested with 
strong alcohol, and the solution kindled. A pure red colour 
indicates strontia. 

Moreover, the presence of baryta may be ascertained by 
adding hydrofluosilicic acid to the hydrochloric acid solution 
of the alkaline earths. A precipitate of silicofluoride of 
barium is produced, which becomes visible only after the 
lapse of some time. 


IV. REMAINING SOLUTION. 


To a portion of the liquid, filtered from the precipitate 
obtained by carbonate of ammonia, is added phosphate of soda. 
A white crystalline precipitate, which appears only after some 
time, indicates the presence of magnesia. The further 
examination for the fixed alkalies depends upon the presence, 
or absence, of magnesia. 


a. Magnesia is absent. 
The portion of the liquid filtered from the carbonates of the 
* The original solution itself may be employed for this purpose, if hydrosui- 


phuric acid and sulphide of ammonium did not produce a precipitate, but only after 
addition of chloride of ammonium, 
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alkaline earths, to which no phosphate of soda has been added, 
is evaporated, and the residue ignited in order to drive off the 
ammoniacal salts. 

A portion of this residue is examined before the blowpipe 
flame, a yellow colour of the flame indicates soda, a violet 
potassa, [a red lithia] ; in the two latter cases soda is 
absent. 

The other portion of the residue is dissolved in water. 

A portion of this solution is tested for potassa by tartaric 
acid or bichloride of platinum. 

[Another portion (if we have reason to test for lithia) is 
evaporated to dryness with phosphate of soda and carbonate of 
soda, and the residue treated with water. If a crystalline salt 
remains, which fuses with carbonate of soda upon the platmum 
foil into a transparent mass, lithia is present. | 


6. Magnesia is present. 


The liquid is evaporated to dryness, the residue gently 
ignited in order to drive off the ammoniacal salts, and dissolved 
in water.* 

To this solution is added Jbaryta-water, till an alkaline 
reaction takes place, in order to precipitate the magnesia, 
which is filtered off. The excess of baryta is now separated 
by ammonia and carbonate of ammonia (or sulphuric acid), and 
the filtrate evaporated again to dryness. A residue remaining 
indicates the presence of alkalies. We proceed now as 
stated above. 


B. DETECTION OF THE ACIDS, OR ELECTRONEGATIVE BODIES. 


Qa. PRELIMINARY EXAMINATION. 


The qualitative determination of acids is, if possible, still 
more simple than that of the bases. In almost all cases the 
preliminary examination of the solid (v. p. 80) as well as the 
nature of the base detected, directs the attention of the student 


* If the original solution is free from heavy oxides and ammoniacal salts, it may 
at once be employed for this purpose; the first evaporation may then be omitted. 
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to the class of acids for which he has to examine. The know- 
ledge how a salt behaves with solvents, the reaction of the 
aqueous solutions on vegetable colours, is especially important 
in this respect. By heating a substance alone or with sulphuric 
acid, the presence of organic, or volatile inorganic acids may be 
ascertained. If in both cases we do not observe any of the 
characteristic phenomena mentioned in p. 82 and 84, the acid is a 
non-volatile inorganic acid, and belongs either to the metallic 
acids (arsenic acid, antimonic acid [tungstic acid, 
molybdic acid] chromic acid), to which we have been 
directed already, when examining for the bases, or it is 
silicie acid, boracic acid, phosphoric acid, or sul- 
phuric acid. 

If we have reason to believe that various acids and their 
salts are present in the substance under examination, we have 
to consider the cases in which the preliminary examination in 
the dry way could give rise to deceptions; for on igniting mix- 
tures of different salts, or treating them with sulphuric acid, 
phenomena may be observed, greatly differing from those which 
every salt would have yielded alone. 

Compounds of organic acids when mixed with nitrates or 
chlorates may be ignited without separation of charcoal, a defla- 
gration, however, generally taking place; in presence of a sufficient 
quantity of organic matter, nitrates are completely destroyed 
by ignition, a carbonate being formed, if the base of the nitrate 
was an alkali. A mixture of a nitrate and chloride, when 
treated with sulphuric acid, evolves neither hydrochloric acid 
nor nitric acid, unless one of them be in great excess, but 
chlorine and red vapours of nitrous acid. In a mixture of a 
sulphite and a nitrate, the sulphurous acid is converted into 
sulphuric acid. Sulphides in presence of sufficient quantities 
of sulphites, chromates, chlorates, etc., separate sulphur 
without disengagement of hydrosulphuric acid ; im most of these 
cases sulphuric acid is formed. 

In order not to overlook the presence of volatile organic 
acids, uncombined with bases, the acid solution is neutralised 
with carbonate of soda, evaporated and ignited; the organic 

H 
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acids, which before might have been volatilised without decom- 
position, are now destroyed with separation of charcoal. 


b. DETECTION OF THE ACIDS IN SOLUTION. 


In order to detect the more important acids, the following 
method is employed :—In testing for acids the general re- 
agents are used in most cases only to prove the presence or 
the absence of an entire group of acids. The examination for 
the individual members of these groups requires the application 
of special reagents. It is only necessary in a very few cases 
to separate an entire group of acids from a solution, in order to 
recognise another acid simultaneously present. 

1. The presence and nature of a gaseous or volatile acid is 
almost generally ascertamed by the preliminary treatment of the 
solid substance with sulphuric acid. Carbonates, sulphites, 
and the readily decomposable sulphides, are recognised on 
gently heating the substance with hydrochloric acid, carbonic 
acid, sulphurous acid, or hydrosulphuric acid being dis- 
engaged. The two latter acids are easily distinguished by their 
odour, carbonic acid being almost imodorous. Moreover, 
carbonic acid is indicated by soluble salts of lime or baryta, 
carbonates of these earths bemg formed; hydrosulphuric 
acid may be detected by the black metallic film, which 1s 
deposited on a paper moistened with acetate of lead, when 
brought in contact with it; a solution of sulphurous acid is 
decomposed by hydrosulphuric acid with separation of sulphur. 

2. To a portion of the neutral solution in water chloride 
of barium is added. The precipitate, which is produced, may 
contain sulphuric acid, [selenic acid], phosphoric acid, 
boracic acid, silicic acid, hydrofluoric acid, oxalic acid, 
tartaric acid, citric acid, chromic acid, the acids of 
arsenic, and different other metallic acids. The latter, as well 
as chromic acid, have been detected already when testing for 
the bases. The baryta salts of all these acids are redissolved by 
hydrochloric acid on gently heating, sulphate [and sele- 
niate|] of baryta excepted. The presence of these acids is 
therefore ascertained, if the liquid does not become completely 
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clear on addition of hydrochloric acid. Other acids are present, 
if the precipitate is only partially redissolved. 

On neutralising the acid liquid with ammonia, phosphate, 
chromate, and oxalate of baryta are reprecipitated; the 
baryta salts of the other acids, especially of boracic, arse- 
- nious and arsenic acids, citric and tartarie acids remain 
in solution, unless the quantity of the ammoniaeal salt formed 
is very smmall—If the compound under examination was inso- 
luble in water, but soluble in acids, and if it contains an earth 
or an alkaline earth, (ex. gr., phosphates and oxalates of 
the alkaline earths, etc.,) the liquid cannot be neutralised 
with ammonia in order to test with chloride of barium, as on 
addition of ammonia the salt would be entirely precipitated. 
The presence of these compounds, however, is dicated already 
by sulphide of ammonum when testing for the bases. If the 
acids menfioned are united with an oxide precipitable in form 
of a sulphide by hydrosulphuric acid, or sulphide of ammoniun, 
the detection becomes far easier after the separation of the 
metal. 

3. To another portion of the original neutral solution (if it 
be acid we must neutralise it by ammonia, if alkaline by netric 
acid) is added nitrate of silver. By this reagent hydrochloric, 
hydrobromic, hydriodic, hydrocyanic, and hydrosul- 
phuric acids are precipitated, and also phosphoric, 
chromic, boracic, silicic, oxalic, tartaric, and citric 
acids. On addition of dilute nitric acid all these precipitates 
are dissolved, chloride, bromide, iodide, and eyanide of 
silver excepted. Most of the silver compounds dissolved in 
this way may be reprecipitated by carefully neutralising with 
ammonia, if the quantity of the ammoniacal salt formed is not 
too large. 

If the solution contains a soluble sulphide, or free hydro- 
sulphuric acid, before testmg with nitrate of silver it is 
necessary to separate all the hydrosulphuric acid by gently 
heating the solution acidulated with nitric acid. 

The curdy silver precipitate imsoluble or soluble in nitric 
acid is washed and digested with ammonia, by which chloride 

H2 
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and cyanide of silver arereadily dissolved; bromide of silver 
is more difficultly soluble, iodide of silver is almost insoluble. 

If a sufficient quantity of the original liquid is at hand, we 
may test for each of these acids separately, availing ourselves 
of the reactions given in the second section (p. 60, etc.). If, how- 
ever, only the silver precipitate is at our disposal, it is digested 
with ammonia, and the solution filtered off from the residue 
(iodide of silver); the silver compounds dissolved in ammonia 
are then reprecipitated by nitric acid, washed with water, dried 
and fused in a porcelain crucible. Cyanide of silver is 
decomposed on fusion, metallic silver, or a subcyanide remain- 
ing behind; upon the residue we place a piece of metallic zine, 
and pour over it a small quantity of dilute pure sulphuric acid ; 
in this way we obtain after some time a solution of chloride 
and bromide of zinc. Of this solution a portion is agitated 
with ether and chlorine water (hydrochloric acid “and hypo- 
chlorite of time); if bromine is present, the ether assumes a 
yellowish brown colour ; if not, and another portion of the solu- 
tion yields a curdy precipitate with nitrate of silver, the pre- 
sence of chlorine is proved. In order to detect chlorides 
in presence of a great excess of bromides and iodides, the 
original substance is distilled im a small retort with chromate 
of potassa and concentrated sulphuric acid. On addition of 
ammonia the reddish brown distillate becomes yellow if 
chlorine was present, whilst im the presence of bromides 
and iodides only, the colour disappears altogether. 

4. If by the prelimimary examination we have ascertained that 
a non-volatile organic acid is present, the aqueous solution is to 
be mixed with ammonia, chloride of ammonium, and chloride of 
calcium. If ammonia produces a precipitate, this must be filtered 
off before adding the chloride of calcium. Of organic acids 
chloride of calcium precipitates in the cold oxalic acid and 
tartaric acid, of morganic acids a precipitate may be obtained 
of sulphuric acid (if the solution be concentrated enough) phos- 
p boric acid and hydrofluoric acid, the presence of which 
has been indicated already by chloride of barium and nitrate of 
silver. lf oxalic acid be present, the original solution contain- 
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ing an excess of ammonia, gives a white precipitate with sulphate 
of lime, which is insoluble in acetic acid, but dissolves readily in 
nitric acid and hydrochloric acid. The presence of tartaric acid 
is ascertained by treating with potassa in the cold, the precipitate 
obtained by chloride of calcium and ammonia, after it has been 
washed and filtered off. If the precipitate consists entirely of 
tartrate of lime, it 1s completely redissolved ; in case how- 
ever a residue is left (oxalate or phosphate of lime, 
fluoride of calcium), the potassa solution is filtered off 
and boiled for some time. Tartrate of lime is repreci- 
pitated in this, manner. 

Citric and [malic] acids, if present, are contained in the 
hquid filtered off from the precipitate, which chloride of calcium 
and ammonia produced. The lime salts of these acids may 
be precipitated from this liquid by alcohol, citrate of lime 
also by ebullition. We must observe in this case, that if 
sulphuric acid be present alcohol produces always a preci- 
pitate of sulphate of lime, which however by its comport- 
ment when ignited cannot be confounded with citrate and 
malate of lime. If a salt of these organic acids, and espe- 
cially of oxalic and tartaric acid is to be examined, which 
is insoluble in water but dissolves in acids, the process for 
ascertaining them above described cannot be used, as from an 
acid solution the salt is entirely reprecipitated on addition of 
ammonia. In this case the organic acid of these salts soluble 
in water is easily withdrawn by boiling with carbonate of 
potassa, or carbonate of soda. We have now a salt soluble 
in water, the acid of which may be easily ascertained by 
neutralising the liquid with hydrochloric acid, and following 
the course above explained. 

The presence of sulphuric [and selenic] acid has been 
indicated by the baryia precipitate, insoluble in hydrochloric 
acid, 

For phosphoric acid we test separately by adding to the 
original aqueous solution a mixture of sulphate of magnesia, 
chloride of ammonium, and ammonia, by which a precipitate of 
phosphate of magnesia and ammonia is obtained ; if the 
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salt was insoluble in water, but soluble in acids, to the acid 
solution a sufficient quantity of acetate of ammonia, and a few 
drops of sesqguichloride of iron are added, by which phosphate 
of sesquioxide of iron, insoluble in acetic acid, is precipitated. 

Also for hydrofluoric acid we test separately by heating 
gently a portion of the dry original substance with concentrated 
sulphuric acid iv a platinum crucible. Vapours of hydro- 
fluoric acid in this manner are disengaged, which act on 
glass. (Compare hydrofluoric acid, p. 64.) 

5. The fourth group of acids consists of succinic acid, 
benzoic acid, acetic acid, and formic acid,, the presence 
of which is indicated by their behaviour with sesqguichloride of 
iron. These acids are distinguished from each other in the 
following ways. To the neutral aqueous solution sesqui- 
chloride of iron is added (phosphoric acid, if present, must 
first be separated either by chloride of calcium and ammonia, or 
by sulphate of magnesia, chloride of ammonium, and ammonia). It 
sesquichloride of iron produces a precipitate, succinic acid or 
benzoic acid, or both, are present. In this case we now test 
the rather concentrated original solution for benzoic and 
succinic acid by addition of an acid or chloride of barium 
and alcohol (v. p. 77), or we separate the organic acid from 
the iron precipitate by digestion with ammonia, and test the 
filtrate contaming the ammoniacal salts of the organic acids. 

Acetic and formie acid, when existing in the form of salts 
assume a red colour when mixed with sesquichloride of iron. 
We ascertain the presence of the former by evaporating the 
original solution (if it is acid it must be neutralised first), and 
heating the residue left with a mixture of sulphuric acid and 
alcohol in a testtube. Acetic ether is formed, and is easily 
distinguished by its odour. Or we distil the residue with 
moderately dilute sulphuric acid, and digest the distillate with 
oxide of lead in excess. Tribasic acetate of lead is formed, 
which possesses an alkaline reaction. 

The presence of formic acid is ascertained by boiling the 
original solution with nitrate of silver or with oxide of mercury. 
Both oxides are reduced to the metallic state with evolution 
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of carbonic acid. Chloride of mercury is generally first 
reduced to subchloride, which by boiling is converted into 
metal. 

The presence of nitric acid, chloric acid, etc., 1s 
always indicated by the preliminary examination of the 
original substance. By its behaviour with sulphuric acid in 
the presence of metallic copper, or with protosulphate of iron, 
nitric acid may be easily distinguished from chloric aecrd, 
the salts of which yield a dark yellow gas, when treated with 
sulphuric acid. Moreover, the alkaline chlorates on being 
heated yield chlorides with disengagement of oxygen. 

Boracic acid may be easily overlooked in the preceding 
experiments, as most of its salts are very soluble, especially in 
ammoniacal salts. It is therefore necessary to make a sepa- 
rate experiment for its detection, if we have reason to suspect 
its presence. For this purpose the origmal substance, or a 
concentrated solution of it, is mixed with sulphuric acid and 
alcohol, and the latter kindled. In presence of boracic acid 
the flame assumes a fine green colour, which becomes visible 
more especially in the latter stage of the experiment. 

The presence of silicic acid is always mdicated by the 
results of the preliminary examination ; in its insoluble modi- 
fication it occurs principally in minerals and artificial silicates 
(glasses, etc.) ; the soluble modification exists in mineral waters, 
in alkaline silicates, etc. In all these cases it is necessary to 
reconvert the soluble modification (which from silicates unde- 
composable by acids is obtamed by fusion with alkaline car- 
bonates) into the msoluble one. This is effected by evaporating 
with an excess of hydrochloric acid. If no residue remains, 
which is insoluble in hydrochloric acid, the absence of silicic 
acid is proved. If a residue remains it is examined with 
phosphorus salt or carbonate of soda, as explained above. 


THE END. 


ERRATA. 


a 


Page 1, 1. 22, p. 2, 1. 1, and p. 3, 1.3, for chloride of platinum, read bich/o- 


ride of platinum. 
Page 7,1. 5, after “excepted” add: which is precipitated by the former 
reagent, when 
Page 8, 1. 16, for Al, O, read Al, O,. 
Page 9, 1. 5, 9, 10, 11, 16, 20, p. 11, 1. 28, p. 12,1. 16,19, 21, 26, 31, p.15, 
1. 3, 10, 16, 23, 27, p. 16, 1. 14, 20, 26, for protowide, read oxide. 
Page 9, 1. 10, 11, 12, 16, 20, p. 12, 1. 16, 20, 31, p.14, 1. 5, p. 16, 1. 31, for 
peroxide read sesquiouide. 
Page 9, 1. 30, p. 11, 1. 3, 5, 15, 18, 20, for owide read sesquiowide. 
_ Page 12, 1, 21, for the protosalts read the salts of the oxide. 
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TABLE I. 


BE! 


OF SOLUTIONS OF THE METALS WITH HYDROSULPH) 


ELEMENTS PRECIPITATED FROM THEIR ACID 
SOLUTION BY HYDROSULPHURIC ACID 
AS SULPHIDES. 


—————___—____ 1, s— Fs 
Soluble Insoluble 


in sulphide of ammonium | in sulphide of ammonium: 


and 
reprecipitated by hydro- 
chlorie acid : 


Antimony orange| Mercury ) 
black 
Arsenic Silver 
. yellow or 
Tin Lead 
brownish- 
Gold Bismuth 
black. 
Platinum . black |Copper J 
[ Iridium | Cadmium . yellow 
[Selenium]. . reddish| {Palladium | 
brownish- 
[Tellurium] . black | [Rhodium] 
| black 


[Molybdenum] brown | [Osmium] 


AMMONIA, EMP] 


BopIES PRECI? 


ree | 
As sulphides . 
Nickel 
. black 
Cobalt 
Manganese . flesh-co-| 
loured 
Tron . black 
Zine . white 
[Uranium] . brownish 
black 


Tungsten cannot be precipitated by hydrosulphuric acid, as tungstic acid never exists in a nitri 


vanadium, p. 48 


IOUR 


} ACID, SULPHIDE OF AMMONIUM AND CARBONATE OF 
1D SUCCESSIVELY. 


1D BY SULPHIDE OF AMMONIUM. 


a eee 


As oxides : As salts : 
ma iS cates Baryta 
ina | os Strontia 
loxide of | potassa Lime 
‘omium : a hee ; 
mm combination with 
ina] phosphoric acid, oxalic 
acid, boracic acid, hy- 
a] drofluorie acid 
| insolu- 
e of : 
ium] ; Magnesia 
ble in ‘ ar aaa 
i in combination with 
mia | potassa phosphoric acid 
vic acid | 
alic acid | 


ydrochloric acid solution. 


he following. 


BopDIES NOT PRECIPITATED BY 
HYDROSULPHURIC ACID OR 
SULPHIDE OF AMMONIUM. 


IN THE PRESENCE OF CHLORIDE OF 
AMMONIUM ON ADDITION OF CAR- 
BONATE OF AMMONIA 


ARE 
| PRECIPITATED: NOT PRECI- 
PITATED: 
Baryta Magnesia 
Strontia Poen 
Lime Soda 
aah 
Ammonia 


Compare what is said of the compounds of tungsten, molybdenum, and 
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TABLE II. 


Tue solution obtained by treating the precipitate with sulphide of amnw 
of hydrochloric acid. If the cloudiness produced is white, it probably arise 
The precipitate 1s then to be treated acco: 
precipitated by hydrochloric acid possesses a darker colour, it is to be investi 
From the results of the preliminary investigs 


arsenic, tin, or antimony. 


tellurium, molybdenum]. 


individual members is to be inferred. 


The precipitate is boiled with concentrated nitric acid. 
white precipitate points out the presence of lead, which is also partly 


hydrochloric acid. 


ie 


Waitt PRECIPITATE: 


PRECIPITATE PRODUCEI 


a. Portion SOLUBLE 


5. Portion INSoLUBLI 


Chloride of silver, subchloride of mercury, chloride of lead. 
The precipitate is treated with a great amount of water. 


RESIDUE: 


Chloride of silver, subchloride of mercury. 


Treatment with ammonia. 


RESIDUE: 
Black suboxide of 


mercury. 


If the residue is 
white the chlo- 
ride of lead was 
not completely 
dissolved, and 
suboxide of 
mercury cannot 
be present. 


FILTRATE: 


Chloride of silver is 


precipitated by 
nitric acid. 


FILTRATE: 
Chloride of lead. 


Lead is also found 


in the solution 
filtered off from 
the precipitate 
obtained by hy- 
drochloric acid. 


A black residi 


Pre 
Oxide of leac 


Confirmatory ta 


Precipitable by | 
lute sulpha 
acid. 


| 
7 


* In this table we have mentioned subchloride of mercury as a member of the grouyy 
acid, although sulphide of mercury is insoluble in nitric acid, and a solution of this sulphide inr 
separated from the liquid by hydrochloric acid, before treating the original solution by hydrosulphw 
that it was present in the solution in the form of oxide. 

In order to ascertain in what state tin, or arsenic, is contained in a liquid, we must ex 
platinum ores, in examining which particular attention is to be paid to these metals. 


’ HYDROSULPHURIC ACID. 


SULPHIDE oF AMMONIUM. 


, is filtered off from the insoluble residue (4) and saturated with a slight excess 
; from sulphur ; if a yellow or orange precipitate is produced it may contain 
to p. 44, and the original solution tested for these metals. If the sulphide 
1 for the other bodies of this group, gold, platinum, [firidium, selenium, 
, especially from their behaviour with solvents, the probable presence of the 


SULPHIDE oF AMMONIUM. 


maining undissolved consists of sulphide of mercury.* The formation of a 
aed in the solution. This solution is diluted with water and mixed with 


FILTRATE : 
ead, teroxide of bismuth, oxides of copper, cadmium, [ and palladium]. 
' Ammonia is added in excess. 


TATE : FILTRATE : 
Teroxide of bis-| Oxide of copper. | Oxide of cadmium. | [Oxide of  palla- 


muth. dium. | 


Confirmatory test. 
Blue colour of the | Theammoniacal so- | The brown or red- 


Precipitable by ammoniacal So- lution is neutra- dish brown solu- 
| water on suffi- lution. Brown- lised by hydro- tion in nitric acid 
cient evaporation ish-red precipi- chloric acid and is discoloured by 
of the solution. tate of the acid precipitated by ammonia. Iodide 
: solution with carbonate of am- of potassium pro- 
ferrocyanide of monia. duces ablack pre- 

potassium. cipitate. 


itated by hydrochloric acid from the nitric acid solution of the precipitate obtained by hydrosulphuric 
tydrochloric acid contains always the chloride. Generally, however, the three insoluble chlorides are 
d. If, therefore, we find mercury in the precipitate obtained by hydrosulphuric acid, we may conclude 


the original solution. We have omitted the oxides of osmium and rhodium, as they occur only in 
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TABLE III. 


FILTRATE: 


PRECIPITATE PRODUCED | 
Treated with dilute hydrochloric acid and gently heaté 


Boiled with nitro-hydroc 


Addition of an exe 


Oxide of Zinc, Alumina, [Glucina], Sesquioxide 
of Chromium. 


Continuous boiling of the alkaline solution. 


— 


Oxide of Zinc, Alumina, [Glucina.] 


Addition of hydrosulphuric acid. 


FILTRATE: 


ene ee | 


FILTRATE: 


Alumina.t 


[Glucina. | 


Saturation with hydrochloric 
acid, addition of ammonia, and 
digestion of the precipitate pro- 
duced in carbonate of ammonia. 


FILTRATE: 


[ Glucina. | 


Precyntation 
by bothng. 

Haeamination 
before the blow- 


pipe. 


PRECIPI- 
TATE ; 
Sesqui- 
oxide 
of Chro- 
mium,.* 
PrRrEcIPI- 
TATE: 
Sulphide 
of Zinc. 


RESIDUE: 
Alumina. 


Haeamination 
before the blow- 


pipe. 


Oxide of Nickel, Oxi 
Oxide and Sesquioxide 
bination with oxalic, pt 
when in combination wit 


at wal 
- Oxides of Cobalt, Ni 


The solution is slightly a 
acid, treated with hydro 
gently heated. 

es 
FILTRATE : 
Oxide of Manganese. 


Supersaturation with 
ammonia and addition op 
sulphide of ammonium. 


PRECIPITATE : 
Sulphide of Manga. 


nese. 


Examination with car- 
bonate of soda on platinum~ 


foil. 


* Sesquioxide of chromium and sesquioxide of iron, when in company, affect their respective 1 
small quantities of sesquioxide of iron dissolve completely in potassa ; in the presence of much sek 
separated on fusion with nitrate of potassa and carbonate of soda. 
+ Phosphate of alumina comports itself with sulphide of ammonium, with chloride of ammonium, 
+ The presence of tantalic and titanic acid and the earths insoluble in potassa is not taken into ab 

of their behaviour with reagents will indicate a method for their qualitative determination. 


/SULPHIDE OF AMMONIUM. 


e black residue examined before the blowpipe Jor cobalt. 


\acid; the whole dissolved. 


potassa in the cold. 


SS 
PRECIPITATE : 
Cobalt, Oxide of Manganese, Sesquioxide of Iron, [Sesquioxide of Uranium, 
jum, Thorina, Yttria, Zirconia, Titanic acid, Tantalic acid ,{] and when in com- 
oric, boracic, or hydrofluoric acids, Baryta, Strontia, Lime, also Magnesia, 
sphoric acid. 


hon of the washed precipitate in nitro-hydrochloric acid. 

Addition of chloride of ammonium and ammonia. 

Meester ROPES Son ee ee a ee ee 
‘ | PRECIPITATE : 

langanese. Sesquioxide of Iron, [Sesquioxide of Uranium, Oxide and 
| Sesquioxide of Cerium, etc.]; and when in combination with 
oxalic, phosphoric, boracic, or hydrofluoric acid, SBaryta, 


Med with acetic Strontia, Lime ; also phosphate of Magnesia. 


uric acid, and Digestion with a concentrated solution of carbonate of ammonia. 


RECIPITATE : FILTRATE. RESIDUE: 

phide of Nickel.| [Sesquioxide of Ura-| Sesquioxide of Iron, [Oxide of Ce- 
phide of Cobalt.) nium and some Oxide of | rium, etc.| Baryta, Strontia, Lime, 
Cerium, ete. :| when in combination with oxalic, 
phosphoric, boracic, or hydrofluoric 
acids; also phosphate of magnesia. 


awamination for 
tel with cyanide | A yellow colour of the so- 
lotassium in the | lution and the precipitate ; eSie 
‘0-hydrochloric | obtained by boiling shows The hydrochloric acid solution is 
1 solution. the presence of Sesquioxide ____tested,— 

of Uranium. For sesquioxide of iron, by ferrocy- 
peti: anide of potassium. 

Examination before the Wor phosphoric acid, by sesquichloride 


blowpipe. of iron and acetate of ammonia. 
) Examination for Oxide | For oxalic acid, by chloride of calcium | 
) of Cerium with sulphate and acetate of ammonia. 

of potassa. For hydrofluoricacid, by sulphuricacid. 


With respect to the detection of 
the bases vide P ‘ie 


is according to their relative quantities. Ifa very large amount of sesquioxide of chromium is present, 
de of iron, sesquioxide of chromium is quite insoluble in potassa. Both oxides may, however, be easily 


ith potassa in the same manner as pure, alumina. 
in this table ; if a preliminary investigation points out the presence of ene of these oxides, a comparison 
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TABLE IV. 


OF THE MORE IMPORTANT ACIDS, 


| Ee (| 


ACIDS 
| 


WITHOUT DECOMPOSITION. 


Carbonic acid. Inodorous ; 
precipitates lime-water. 


Sulphurous acid. Odour of 

| burning sulphur ; is decom- 
posed by  hydrosulphuric 
acid with separation of 
sulphur. 


Hydrosulphuric acid. Odour 
of rotten eggs; black preci- 
pitate with lead salts. 


Hydrochloric acid. Acid va- 
pour fuming in contact with 
alr. 


Hydrofluoric acid. Etches glass. 


Nitric acid. Colourless acid 
gas ; In presence of copper- 
turnings red vapours. 


InorGanic ACIDS. 


VOLATILE. 


WITH DECOMPOSITION. 


Hydriodic acid. Violet va- 
pours of iodine. 


Hydrobromic acid. Brown va- 
pours of bromine. 
Aydrocyanic acid. Disengage- 
ment of carbonic oxide, 
which burns with a blue 
flame. Withdilute sulphuric 
acid hydrocyanic acid 1s 
evolved. Compounds of ferro- 
cyanogen and ferricyanogen 
exhibit similar reactions. 
Chloric acid. Dark-yellow gas. 
Hydrosulphocyanice acid. Dis- 
engagement of hydrocyanic 
acid and precipitation of a 
yellow powder. 
Hypochlorous acid. Yellowish- 
green gas, chlorine. 
Bromic acid. Brown vapours 
of bromine and oxygen. 


Phosphori 


Boracic a 


Metallic av 
when ti 


Sulphuric: 
[ Selente ay 
Chromic 6 


oxygent 
concent 


VIOUR 


AND ORGANIC, ON HEATING THEIR SALTS WITH 


IC ACID. 


-OrGaAnic ACIDS. 


(OLATILE, OR 


ILY AT HIGH 
ATURES. 


1. 


These are found 
: for the bases. 


Evolution of 
n treated with 
| sulphuric acid. 


VOLATILE ACIDS. NON-VOLATILE ACIDS. 


Formic acid. Evolution of | Oxvalic acid. Is decomposed | 
pure carbonic oxide. into carbonic acid and car- 
bonic oxide without separa- 
Acetic acid. Evolution of| tion of charcoal. 
acetic acid; in presence of 


alcohol of acetic ether. Tartaric acid, 
Benzoic acid [ Racemic acid, | 
and 
Succinic acid Citric acid, 
are not decomposed by sul- 
phuric acid. [Male acid, | 


as most other organic acids, 

are decomposed by concen- 

trated sulphuric acid, with 
; separation of charcoal ; car- 
bonic acid, carbonic oxide, 
and sulphurous acid being 
disengaged. 
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TABLE V. 


OF THE MORE IMPORTANT ACIDS, INORGANIC AND 
CHLORIDE OF CALCIUM, . 


CHLORIDE OF BARIUM NITRATE OF SILVER CH. 
precipitates : precipitates : 


a. From neutral solutions, the | a. From neutral solutions,the preci- | From n 


precipitate being soluble in pitate being soluble in nitric acid. the pi 
hydrochloric or nitric acid. | Phosphoric acid . yelloworwhite | _ salts « 
Sulphurous acid ) Boracic acid . . white Sulphur’ 
Carbonic acid Silicic acid . . . white not +t 
Phosphoric acid Chromic acid . . red by ad 
Silicie acid Oxalic acid Phosphe 

Hydrofluoric acid Tartaric acid white pitat 
Oxalic acid > white Citric acid when 
Boracic acid Arsenic acid . . brown Hydroft: 
Tartarie acid Arsenious acid. . yellow cipitas 

Citric acid 6. From neutral and acid solutions, | acid, 
Arsenic acid the precipitate beimg insoluble or hydrc 
Arsenious acid* } difficultly soluble in nitric acid. | Ovalic a 
Chromic acid . . yellow | Lodic acid, the original salt de-| insolw 
6. From neutral and acid solu- tonates with ignited charcoal. Tartaria 
tions, the precipitates being | Hydrochloric acid, white precipi-| _ tate, s 
insoluble in hydrochloric | tate, soluble in ammonia. and w: 
and nitric acid. Hydrobromic acid, precipitate diffi- ing. | 
Sulphuric acid \ hit cultly soluble in ammonia. Citric Gi 
[Selenic acid] eis a HAydriodic acid, yellow precipitate, produ. 
nearly insoluble in ammonia. and is 


Seleniate of baryta disengages | Hydrocyanic acid, white precipitate, 
chlorine, when boiled with which decomposes when heated, 


hydrochloric acid, selenious and disengages hydrocyanic acid 
acid being formed. when moistened with hydrochlo- 
ric acid. 


Hydrosulphocyanic acid, white curdy 
precipitate, difficultly soluble in 
ammonia. 

Hydrosulphuric acid, black pre- 
cipitate. 


a a ae a Rc se Rn a tA ee a me aaa = = 
a 
{ 


Sulphurous acid | On heating,reduce 
| Formic acid nitrate of silver. 


* Boracic, tartaric, citric, arsenic, and arsenious a 


AVIOUR 


NIC, WITH CHLORIDE OF BARIUM, 
SESQUICHLORIDE OF TRON. 


NITRATE OF SILVER, . 


OF CALCIUM | 
ipitates : | 


SESQUICHLORIDE OF IRON. 


solutions; also in 
2e of ammoniacal 
ammonia. 

, from solutions 
ute ; completely 
of alcohol. 

cid, white preci- 
ble in acetic acid, 
ly thrown down. 
acid, white pre- 
soluble in acetic 
partly soluble in 
ic acid. 

white precipitate, 
a acetic acid. 

1, white precipi- 
ein cold potassa, 
ipitated by boil- 


he precipitate is 
only by boiling, 
luble in potassa. 


neutral solutions. 

Succinie acid ; 

Benzoic acid \ light brown 

6. Imparts a reddish-brown 
colour to the neutral solu- 
tions of 

Hydrosulphocyanic acid, 

Acetic acid, and 

Formic acid. 


SPECIAL REACTIONS. 


Benzoic acid may be recog- 
nised by being separated 
from concentrated solutions 
of its salts—by means of an 
acid. 

Hydrosulphocyanic acid gives 
a yellow precipitate, when 
boiled with dilute sulphuric 
acid. 

Acetic acid is distinguished by 
the formation of acetic 
ether, and the basic lead- 
salt. 

Formic acid is recognised by 
its property of reducing ni- 
trate of silver. 


a. Precipitates from perfectly 


Acids which are not precipi- | 


tated : 
Nitric acid 
Chloric acid | 
The salts of these acids defla- | 
grate on ignited charcoal. | 


REMARKS. 


In case the presence of a group 
of acids is pointed out by 
general reagents, the indi- 
vidual member is always to 
be recognised by the special 
reactions given in the second 
section of this book. These 
special reactions will serve 
not only to confirm the 
results of the general re- 
agents, but allow us also to 
distinguish different acids, 
when present together. 

For boracic acid, silicic acid, 
and hydrofluoric acid, special 
experiments are always to. 
be made. 


re not precipitated in the presence of ammoniacal salts. 
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to the food, and to the supply of oxygen ;—under all these heads, the reader will find 
such an amount of new and interesting matter as must satisfy him that we have entered 
on the true path of discovery, and that the industry of modern chemists has been most 
profitably employed during the period which has elapsed since the first edition of this 
work appeared.”—From the Editor’s Advertisement. 


Part IT., completing the Work, will be ready very soon. It has been delayed 
for the results of wmportant investigations. 


Latham.— An English Grammar for the Use of 
Schools. 


By R. G. Latuam, A.M., Fellow of King’s College, Cambridge. Second 
Edition. 12mo, 4s, 6d. cloth. 


‘*A work in which Grammar, no longer an assemblage of conventional rules of 
speech, becomes a philosophical analysis of our language, and an elementary 
intellectual exercise adapted to the highest purposes of instruction.”—Minutes of 
Council of Education (St. Mark’s College), Vol. I. 1845. 


The Classical Museum ; 
A Journal of Philology and of Ancient History and Literature. 8vo. 
Vol. II., 12s. 6d. cloth. Vols. IIJ. to VI., each 14s. 6d. cloth. 
The work is continued Quarterly. Price of each Part, 3s. 6d. Part XXII. 


is just published. 
Sub Rege Sacerdos.— Comments on Bishop 
Hampden’s Case, 
With an Epitomised Report of the Proceedings, By E.S. Creasy, M.A., of 


Lincoln’s Inn, Barrister-at-Law ; Professor of History in University College, 
London. 8vo, 3s. 
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Classteal Antiquities, Witography, Mistory, Ne. 


—_»>— 


DICTIONARY OF GREEK AND ROMAN ANTIQUITIES. 
Edited by Dr. Witt1am Smitu. New Edition. One thick vol. 8vo. £2, 2s., cloth 
lettered. (See page 1.) 


DICTIONARY OF GREEK AND ROMAN BIOGRAPHY 
AND MYTHOLOGY. Edited by Witt1am Smuiru, LL.D. Medium 8vo. 
Illustrated by numerous Engravings on Wood, Complete in Three Volumes. 

Vol. I. (1100 pages), 10. 16s. cloth lettered. 
IT. (1200 pages), 10. 16s. ditto. 
III. Completing the Work, £2 3s. 6d. (Just published.) 
*,* Subscribers are requested immediately to complete their copies. 


‘¢ There is no need of pronouncing any formal eulogium on this new Classical Dic- 
tionary, for in fact it is the only one with any pretensions to the name in our language; 
and as such it must form part of the library of every student who desires to become 
acquainted with the mind of antiquity.”—Athenewm. 


NIEBUHR’S HISTORY OF ROME, FROM THE EARLIEST 
TIMES TO THE DEATH OF CONSTANTINE. 5 vols. 8vo, 31. 2s. 6d. 
Vols. I. and II., Translated by Bisoop Tuirtwatt and ARCHDEACON 

Hare. 16s, each. 


Vol. III. Translated by Dr. Smrru and Dr. Scumitz. 18s. 6d. 
Vols. IV. and V. Lectures. Edited by Dr. Scumitz. 2 vols. 12s. 


NIEBUHR’S LECTURES ON THE HISTORY OF ROME, 
FROM THE EARLIEST TIMES TO THE DEATH OF CONSTAN- 
TINE. Edited by Dr. L. Scumirz, Rector of the High School of Edinburgh. 
Cheap Edition. 3 vols. 8vo. 20s. cloth. 
I. Earliest History to the First Punic War. 1 vol. 8vo, 8s. (See p. 3.) 
II. First Punic War to the Death of Constantine. 2 vols. 8vo, 12s. 


‘¢They may be used as an introduction to, or as a running commentary on, Niebuhr’s 
great work. ... Even those who by a careful study have acquired a thorough familiarity 
with the three volumes of the Roman History, will find in these Lectures much that is 
new and striking.”—Preface. 


SCHMITZ’S HISTORY OF ROME, FROM THE EARLIEST 
TIMES TO THE DEATH OF COMMODUS. lvol.12mo. 7s. 6d. cloth, 
or 8s. 6d. strongly bound in leather. (See page 3.) 


ROBSON’S QUESTIONS ON DR. SCHMITZ’S HISTORY 
OF ROME. 12mo, 2s. 


AKERMAN’S (J. Y.) NUMISMATIC MANUAL; or, Guipr 


TO THE COLLECTION AND Stupy OF GREEK, Roman, anp EneuisH CoIns. 
8vo, with numerous Engravings, 1/. 1s. 


A SCHOOL DICTIONARY OF ANTIQUITIES ; selected and 


abridged from the “ Dictionary of Greek and Roman Antiquities.” By 
WituiaM Smitu, LL.D. One small volume, Two Hundred Woodcuts. 10s. 6d. 


KEATS’ (JOHN) POETICAL WORKS. In one vol. fcap., with 
a Portrait from a Drawing by Hitton. Price 5s. cloth. 


‘“‘ As it is, there is not a poet living who could surpass the material of ‘ Endymion,’ a 
poem, with all its faults, far more full of beauties.” —Willis’s Pencillings by the Way. 


EXERCISES IN LOGIC; designed for the Use of Students in 
Colleges. By J. T. Gray, Ph.D. 12mo. Price 3s. 6d. cloth. 
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sratural Philosophp. 
POTTER’S ELEMENTARY TREATISE ON MECHANICS, 


for the use of the Junior University Students. By RicHarp Porter, A.M., 
late Fellow of Queen’s College, Cambridge, Professor of Natural Philosophy 
in University College, London, Second Edition, revised, 8vo, with numerous 
Diagrams. 8s. 6d. cloth. 


POTTER’S ELEMENTARY TREATISE ON OPTICS. 8vo, 


with numerous Diagrams. 9s. 6d. cloth. 

This volume contains all the requisite propositions carried to first approximations; and the 
construction of Reflecting and Refracting Telescopes and Microscopes, the Solar, 
Oxyhydrogen and Lucernal Microscopes; the Magic and Phantasmagoria Lantern ; 
the Daguerreotype; Camera Obscura; Hadley’s Sextant and Reflecting. Circles; the 
Optical Square; the Screw Micrometer; the Goniometer, &c. 


YOUNG’S LECTURES ON NATURAL PHILOSOPHY AND 
THE MECHANICAL ARTS. A New Edition, with References and Notes, 
by the Rev. P. Ketianp, M.A., F.R.S. London and Edinburgh, late Fellow of 
Queen’s College, Cambridge, Professor of Mathematics, &c. in the University 
of Edinburgh. 2 vols. 8vo, with 43 Copper Plates. 14. 4s. cloth. 


*¢ All who seek information should know that Young is not merely a popular writer, 
but by far the most popular of those whose accuracy can be relied on in a vast range of 
subiects, and who have actually written through that range.”—Atheneum. 


TWELVE PLANISPHERES, forming a Guide to the Stars for 
every Night in the Year, with an Introduction. 8vo. 6s. 6d. cloth. 


Mathematics. 
DE MORGAN’S ELEMENTS or ARITHMETIC. By Aveustus 


De Morean, Professor of Mathematics in University College, London. Fifth 
Edition, with Eleven new Appendixes. Royal 12mo. 5s. cloth. 

“‘ At the time when this work was first published, the importance of establishing 
arithmetic in the young mind, upon reason and demonstration, was not admitted by 
many. The case is now altered: schools exist in which rational arithmetic is taught, 
and mere rules are made to do no more than their proper duty. There is no necessity 
to advocate a change which is actually in progress, as the works which are published 
every day sufficiently show. And my principal reason for alluding to the subject here 
is merely to warn those who want nothing but routine, that this is not the book for their 
purpose.”—Author’s Preface. 


DE MORGAN’S ARITHMETICAL BOOKS AND AUTHORS. 


From the invention of, Printing to the present time ; being Brief Notices of a 


large number of Works drawn up from actual inspection. Royal 12mo._ 6s. 
“* A great number of persons are employed in teaching arithmetic in the United 
Kingdom. In publishing this work, I have the hope of placing before many of them 
more material for the prevention of inaccurate knowledge of the literature of their 
scierice than they have hitherto been able to command, without both expense and 
research.”— Preface. 


DE MORGAN’S ELEMENTS OF ALGEBRA, preliminary to 
| the Differential Calculus. Second Edition. Royal 12mo. 9s. cloth. 


DE MORGAN’S ELEMENTS OF TRIGONOMETRY AND 
TRIGONOMETRICAL ANALYSIS, preliminary to the Differential Calculus. 
Royal 12mo. © 9s. cloth. 


TABLES OF LOGARITHMS, COMMON AND TRIGONO- 
METRICAL, TO FIVE PLACES. Under the Superintendence of the Society 
for the Diffusion of Useful Knowledge. Foolscap 8vo. 3s. sewed. 


REINER’S LESSONS ON FORM; or, An IntRopuction To 


GEOMETRY, as given in a Pestalozzian School, Cheam, Surrey. 12mo, with 


numerous Diagrams. 3s. 6d. cloth. 
‘“‘Tt has been found in the actual use of these lessons, for a considerable period, that a 
larger average number of pupils are brought to study the Mathematics with decided 
success, and that all pursue them in a superior manner.”—Rev. Dr. Mayo. 
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REINER’S LESSONS ON NUMBER, as given at a Pestaloz- 
zian School, at Cheam, Surrey. Second Edition. Consisting of 
THE MASTER’S MANUAL. 12mo. 4s. 6d. cloth. 
THE SCHOLAR’S PRAXIS. 12mo.° 2s. bound. 


RITCHIE’S PRINCIPLES OF GEOMETRY, familiarly Illus- 


trated, and applied to a variety of useful purposes. Designed for the Instruc- 
tion of Young Persons. Second Edition, revised and enlarged. 12mo, with 
150 Woodecuts. 3s. 6d. cloth. 


RITCHIE’S PRINCIPLES OF THE DIFFERENTIAL AND 
INTEGRAL CALCULUS, familiarly Illustrated and applied to a variety of 
useful purposes, Second Edition. Revised by J. A. Spencer, B.A., Assistant 
Mathematical Master in University College School. 12mo, with Diagrams. 
4s. 6d. cloth. 1 


‘Dr. Ritchie was a man of clear head, apt at illustration and fond of elements. 
We have heard that he wrote this work when, late in life, he began to learn the subject. 
We believe our readers would find it a useful first book. 3__Atheneum. 


BARLOW’S TABLES OF SQUARES, CUBES, SQUARE 
ROOTS, CUBE ROOTS, and RECIPROCALS, up to 10,000. Stereotype 
Edition, examined and corrected. Under the Superintendence of the Society 
for the Diffusion of Useful Knowledge. Royal 12mo. 8s. 

‘¢ They will be found useful to the more scientific class of Engineers and Surveyors, 
for immediately obtaining results which are now usually got by logarithmic calculation, 
or the sliding rule; to actuaries (in the table of reciprocals) ; to schoolmasters, for ob- 
taining examples of the or dinary rules of Arithmetic ; to all, in fact, who are calculators 
by choice or necessity, though of course to some more than to others.” —Preface. 


Recent {ntrodurtorp Lectures, 


PROFESSOR SCOTT ON THE ACADEMICAL STUDY OF 
A VERNACULAR LITERATURE. 8vo. 1s. 


PROFESSOR NEWMAN ON THE ee ae OF FREE 
-KNOWLEDGE TO MORAL SENTIMENT. 8vo. 


PROFESSOR RAMSAY. PASSAGES IN THE HISTORY 
OF GEOLOGY. §8vo. Ils. 


Btartes and Journals, 
THE LITERARY DIARY, or Complete Common-Place Book. 


Post 4to, ruled throughout and half-bound. 12s. 


A POCKET COMMON-PLACE BOOK. With Locke’s Index. 
Post 8vo, half-bound. 8s. 6d. 


THE STUDENT’S JOURNAL. Arranged, Printed, and Ruled 


for receiving an Account of every Day’s Employment for the space of One 
Year. Post 8vo, half-bound. 4s. 6d. 


THE PRIVATE DIARY, formed on the Plan of “ The Student’s 
Journal,” for general Wee: Post 8vo, half-bound. 4s. 6d. 


SHaps. 
OUTLINE MAPS :— Mercator — Evroprs — Britisn Isuzs. 
Three Maps, folio, stitched in cover, ls. ; single Maps, 4d. each. 
GEOGRAPHICAL PROJECTIONS :— Mercatorn—Evrorr— 


British Istes. Three Maps, folio, stitched in cover, 1s. ; single Maps, 4d. 
each. 


TEACHING MAPS :—Eneuanp, Wates, and Part of Scornanp. 
I. Rivers, Mountains, &e. Price 6d. II. Towns. Price 6d. 
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GREEK. 


Linwood’s Lexicon to Aischylus. 
New Edition, revised. 8vo. 12s. (See page 2). 


Allen’s New Greek Delectus ; 


being Sentences for Translation from Greek 
into English, and English into Greek; 
arranged in a systematic progression. By 
Dr. RAPHAEL KiinNER. Translated and 
Edited from the German. Second Edition, 
revised. 12mo. 4s. cloth. 


“Tt is an analytical and synthetical praxis on 
the forms of the Greek language, communicating, 
by the way, considerable knowledge of the syntax, 
and information on points connected with the 
Greek writers.” —Preface. 


Allen’s Constructive Greek Ex- 


ercises, for teaching Greek from the begin- 
ning by writing. Second Edition, revised 
and enlarged. 12mo. 5s. cloth. 
The pupil, on beginning Greek, needs no book 
besides this. He has here Grammar, Vocabulary, 
and Exercise Book. 


Hardy’s Anabasis of Cyrus, 
Book I., Chapters 1 to 6. Literal and Inter- 
linear Translation of the First Chapter, and 
a Lexicon to the whole, 12mo. 3s. 6d. cloth. 


London Greek Grammar; de- 
signed to exhibit, in small compass, the 
Elements of the Greek Language. Edited 
by a GrapuatTE of the University of Oxford. 
Fifth Edition. 12mo. 3s. 6d. cloth. 


Plato: the Apology of Socrates, 
the Crito, and Part of the Phedo; with 
Notes (translated into English) from STALL- 
BAUM and SCHLEIERMACHER’S Introductions, 
Edited by Dr. WM. SmiruH. 12mo. 4s. 6d. cl. 


Life of Socrates. By Dr. G. 


WiaceErs. Translated from the German, 

with Notes. 12mo. 3s. 6d. 

Contents :—Life of Socrates, by Wiggers— 
Life of Socrates, by Diogenes Laertius— 
Schleiermacher on the Worth of Socrates 
as a Philosopher. 


Tayler’s (Rev. Charles) Intro- 
duction to the Art of Composing Greek 
Iambics, in Imitation of the Greek Trage- 
dians, designed for the Use of Schools. 
12mo. 2s. 6d. 


Greek Authors, selected for the 


use of Scnoc’s; containing portions of 
Lucian’s Dialogues, Anacreon, Homer's 
Iliad, Xenophon’s Memorabilia, and Hero- 
dotus. 12mo, 3s. 6d. cloth. 


Taylor’s What is the Power of 


the Greek Article? 8vo, 3s. 6d. 


Four Gospels in Greek, for the 


use of Schools. Feap. 8vo, 8s. 6d. cloth. 


LATIN. 
Allen’s New Latin Delectus: 


being Sentences for Translation from Latin 
into English, and English into Latin; ar- 
ranged in a systematic progression, on the 
Plan of the Greek Delectus. Second Edition, 
revised. 12mo, 4s. cloth. 


Robson’s Constructive Latin 
Exercises, for teaching the Elements of the 
Language on a system of Analysis and Syn- 
thesis, with Copious Vocabularies. By J. 
Rosson, B.A., Assistant Master in Uni- 
versity College School. 12mo, 6s. 6d. 


Allen’s Etymological Analysis 


of Latin Verbs. Fcap. 8vo, 5s. 


Allen’s Ecloge Ciceronianz ; 
containing Narrations, Maxims, Descrip- 
tions, Characters, Philosophical Pieces, and 
Letters. Selected from the Works of Cicero. 
12mo, 2s. 6d. cloth. 


Ceesar for Beginners. Latin and 
English ; with the original Text at the end. 
12mo, 3s. 6d. cloth. 


Hall’s Principal Roots of the 


Latin Language, simplified by a display of 
their incorporation into the English Tongue; 
with copious Notes. Fifth Edition. 12mo, 
4s. 6d. cloth. 


Hodgson’s (Provost of Eton) 
Mythology for Versification; or a Brief 
Sketch of the Fables of the Ancients, pre- 
pared to be rendered into Latin Verse. 
Fourth Edition. 12mo, 8s. cloth. Key to 
ditto. 8vo, 7s. cloth. 


Hodgson’s (Provost of LHton) 


Select Portions of Sacred History, conveyed 
in sense for Latin Verses. Third Edition. 
12mo, 3s. Gd. cloth. Key to ditto. Royal 
8vo, 10s. 6d. cloth. 


Hodgson’s (Provost of Eton) 


Sacred Lyrics; or, Extracts from the Pro- 
phetical and other Scriptures of the Old 
Testament; adapted to Latin Versification 
in the principal Metres of Horace. 12mo, 
6s. 6d. cloth. 


Ceesar’s Helvetic War. In Latin 


and English, Interlinear, with the original 
Text at the end. 12mo, 2s. cloth. ; 


Latin Authors, selected for the 


use of Schools; containing portions of 
Phedrus, Ovid’s Metamorphoses, Virgil’s 
/ineid, Cesar, and Tacitus. 12mo, 3s. 6d. 
cloth. 
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London Latin Grammar; in- 
cluding the Eton Syntax and Prosody in 
English, accompanied with Notes. Edited 
by a Grapbuare of the University of Oxford. 
Twelfth Edition. 12mo, 2s. 6d. cloth. 


New Latin Reading Book ; con- 


sisting of short Sentences, easy Narrations, 
and Descriptions, selected from Czsar’s 
Gallic War; arranged in systematic pro- 
gression. With a Dictionary. 12mo. 3s. 
6d. cloth. 

‘* The plan of this work differs in one important 
point from other works of a similar kind. The 
sentences have been selected exclusively from 
Ceesar’s Commentary on the Gallic War, instead 
of being taken from different authors, as has 
usually been the case. There is an obvious 
advantage in this plan; the same words are con- 
tinually repeated by the same author in a simple 
narrative; and the pupil thus becomes accus- 
tomed to his style, and finds the work of transla- 
tion grow easier every day, which cannot be the 
case when the extracts are taken from many dif- 
ferent authors, whose style must of course vary 
exceedingly.” —Preface. 


Tacitus. Germania, Agricola, 
and First Book of the Annals. With Notes 
translated into English, from MRuperti, 
Passow, Walch, and Botticher’s remarks 
on the style of Tacitus. 12mo. 5s. cloth. 


Virgil’s Aineid. The First Six 


Books, with an interpaged translation, 
line for line, and numerous Notes. Second 
Edition. 12mo. 6s. 6d. 


Cicero. — Pro Lege Manilia. 
12mo, sewed, ls. 
ENGLISH. 
English Language. 


1 vol. 8vo. 15s. 


Latham’s 


Second Edition revised. 
(See page 3.) 


Latham’s First Outlines of Lo- 


gic, applied to Grammar and Etymology. 
12mo, ls. 6d. cloth. 


Latham’s Elementary English 
Grammar. For the Use of Schools. Second 
Edition. 12mo. 4s. 6d. cloth. 


‘<< His comparison of the old Saxon forms with 
the modern English, his classification of verbs 
under the heads of weak and strong forms, and 
his remarks on the derivation and construction of 
English words, afford evidence of laborious inves- 
tigation and research, and are a valuable contribu- 
tion towards reducing our language within its 
proper limits.”—Classical Museum. 


Green’s Questions on the above, 


with an Index of Reference. 12mo. cloth, 
Is. 6d. 


ITALIAN. 


Panizzi’s Extracts from Italian 
Prose Writers. One thick volume, 12mo. 
10s. 6d, boards. 


Panizzi’s 
Grammar. 


Elementary Itahan 
12mo. 3s. bound. 


FRENCH. 
Complete Course of the French 


Language. By P. F. MeRuet, Professor of 
French in University College, London. 


Merlet’s French Grammar, 
divided into Three Parts; the Pronuncia- 
tion, the Accidence, and the Syntax. New 
Edition. 12mo. 5s. 6d. bound. 


Merlet’s Key to the French 


Grammar, 12mo. 3s. 6d, bound. 


Merlet’s Le Traducteur; or, His- 


torical, Dramatic, and Miscellaneous 
Selections from the best French Writers; 
accompanied by Explanatory Notes; a 
selection of Idioms, &c. New Edition. 
12mo. 5s. 6d. bound. 


Merlet’s Petit Tableau Litteraire 


de la France; containing an Essay on 
French Literature, with Specimens of the 
best Authors, from the earliest period 
to the present time; a sequel to “ Le Tra- 
ducteur.” 12mo. 6s. bound. 


Merlet’s Dictionary of Difficul- 


ties; Appendix to the French Grammar. 
Second Edition. 12mo, 4s. bound. Con- 
taining an explanation of the peculiarities 
of the French Language—Complete List of 
Adjectives, showing why they are placed 
before or after the Substantive—Compre- 
hensive List of Idioms, and Proverbs now 
in use — List of Synonymes — Mercantile 
Expressions, Phrases, and Letters, &c. &c. 


HEBREW. 


Hurwitz’s Grammar of the He- 
brew Language. 8vo. 13s. cloth. Or in 
Two Parts, sold separately: ELEMENTS, 
8vo. Cloth, 4s. 6d. EtymoLoey and Syn- 
Tax. 8vyo. Cloth, 9s. 

‘¢ Mr. Hurwitz’s Grammar is the best ele- 


mentary work of its kind extant in the English lan- 
guage.”—Journal of Education, No. 9. 


Greenfield’s Book of Genesis in 


English Hebrew, accompanied by an Inter- 
linear Translation, substantially the same 
as the authorised English version ; Philo- 
logical Notes, and a Grammatical Introduc- 
tion. Fourth Edition. 8vo. 8s. cloth. With 
the original Text in Hebrew characters at 
the end. 8vo. 10s. 6d. cloth. 
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INTERLINEAR TRANSLATIONS. 


LOCKE’S SYSTEM OF CLASSICAL INSTRUCTION, 


Restoring the Method of Teaching formerly practised in all Public Schools. 
The Series consists of the following Interlinear Translations ; with the Original 
Text, in which the quantity of the doubtful Vowels is denoted ; Critical and 


Explanatory Notes, &c. 


*,%* By means of these Works, that excellent System of Tuition is effectually restored which 
was established by Dean Colet, Erasmus, and Lilly, at the foundation of St. Paul’s School, 
and was then enjoined by authority of the State, to be adopted in all other Public Semi- 
naries of Learning throughout the kingdom. Each volume 2s. 6d. 


Latin. 


1. Pozprvus’s FABLes or A‘SopP. 


BD Or > OS DO 


. Ovin’s Metamorpuoses. Book I, 

. Vireiw’s ANEID. Book I. 

. Parsine Lessons To VIRGIL. 

. Czsar’s Invasion OF BRITAIN. 
Tacirus’s Lire oF Acricota. Part I. 


Italian. 


Srorizs FROM ITALIAN WRITERS :—AL- 
FIERI, Barerti, CASTIGLIONE, &c¢. 


I RS 


Greek. 


. Luctan’s Dratocuers. Selections. 
THe OpEs oF ANACREON. 

Homer’s In1ap. Book I. 

Parsine Lessons to HoMER. 
XENOPHON’s MemoraBitid. Book I. 
Heroporus’s Histories. Selections. 


French. 


SISMONDI; THE BarrLEs OF CRESSY AND 


PoIctTIERS. 


German. 


STORIES FROM GERMAN WRITERS. 


An Essay, EXPLANATORY OF THE SYSTEM. 12mo. . d . Os. 6d. 


Also, to accompany the Latin and Greek Series. 


Tur Lonpon Latin GRAMMAR. 12mo. 5 z - aris 2eGe 
Tue LonpoN GREEK GRAMMAR. I12mo. .. ‘ a é «OSs "Oeks 
SINGING. 


The Singing Master. Sixth 


Edition (one half the original price). 8vo. 


6s. cloth lettered, gilt edges. 


No. I. FIRST LESSONS IN SINGING AND 


No. 


No, 


No. 


THE NOTATION OF MUSIC. Price 1s. 
II. RUDIMENTS OF THE SCIENCE 
OF HARMONY, OR THOROUGH 
BASS. Pricels. 

III. THE FIRST CLASS TUNE-BOOK. 
Thirty Simple and Pleasing Airs, ar- 
ranged, with Suitable Words, for Young 
Children. Price 1s. 


. IV. THE SECOND CLASS TUNE- 


BOOK. Price Is. 6d. 
Vv. THE HYMN TUNE-BOOK. Price 
ls. 6d. 


The Vocal Exercises, Moral Songsand Hymns, 


with the Music, may also be had, printed 
on 87 Cards. Price 2d. each Card, or 
Twenty-five for 3s. 

The Words without the Music may be had in 
Three Small Books. 

Moral Songs from the First Class Tune- 
Book, ld. 

Second Class Tune- 

Book, 1d. 

Hymns from the Hymn Tune-Book, 13d. 


Helen S. Herschell’s Fireside 


Harmony ; or Domestic Recreation in Part 
Singing. A Selection of favourite old 
Glees, Rounds, and Canons; arranged to 
words suitable for Families and Schools. 
Second Edition. Demy 8vo. (oblong) 2s.6d. 
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DRAWING. 
Lineal Drawing Copies for the 


Earliest Instruction. Comprising 200 Sub- 
jects on 24 sheets, mounted on 12 pieces of 
thick pasteboard. By the Author of 
«“ Drawing for Young Children.” In a Port- 
folio, 5s. 6d. 


Drawing Copies for Elementary 


De 


Instruction. By the Author of ‘* Drawing 
for Young Children.” 2 Sets, each consist- 
ing of 12 Subjects, mounted on thick paste- 
board. 3s. 6d. each Set, in a Portfolio. 


acon’s Elements of Perspec- 
tive Drawing, or the Science of Deline- 
ating Real Objects. Being a Manual of 
Directions for using a Set of Models, com- 
posing a variety of Picturesque Forms. 
Suitable for the Practice of Beginners. 
Illustrated with Eight Plates, 8vo. 4s. 


Drawing Models, consisting of 


Forms for constructing various Buildings, 
Gateways, Castles, Bridges, &c, The Build- 
ings will be found sufficiently large to be 
drawn from by a numerous Class at the 
same time, Ina Box, with a small Trea- 
tise on Drawing and Perspective. Price 
21,10s. Length of the Box, 18% inches ; 
breadth, 13 inches; height, 83 inches. 


Trachsell’s 


Drawing Models, 
consisting of Rectilinear Figures, Polygonal 
and Mixtilinear Models, Models chiefly for 
Shading, and Models for application and 
further practice. Price of the complete set 
102. <Any Figure may be purchased 
separately. 


The whole Collection, with the exception of 
the houses, is painted white, to resemble 
plaster, 

A complete Collection on a larger scale, such 
as that used in the Mechanics’ Institu- 
tion, Liverpool, 152, 

*,* A detailed Prospectus may be had on 

application. 


Drawing Materials. 


A Quarto Copy Book of 24 leaves, common 
paper, 6d, 
Ditto . , ditto 
paper of superior quality, ls. 3d. 
Pencils with very thick lead, B.B.B. 2s. per 
half dozen. 
Ditto. d ° 
ls. 6d. ditto. 
Drawing Chalk,9d. per dozen sticks, in a Box. 
Port-crayons for holding the Chalk, 4d. each. 


» ditto J . F. at 


EDUCATIONAL MODELS 


FOR THE USE OF SCHOOLS, MECHANICS’ INSTITUTIONS, AND FOR 
PRIVATE INSTRUCTION. 


A Set of Apparatus for Hydro- 


statics, Hydraulics, and Pneumatics; with 
a Pamphlet containing full Descriptions 
and Directions for Performing many Ex- 
periments. Price 6/. 6s,in abox. 


Apparatus for Cohesion, Capil- 


lary Attraction, Electric and Magnetic 
Attraction, Impenetrability and Inertia; 
with Descriptions and Diagrams, Price 
21s. in a box. 


A Machine for Illustrating Cen- 


trifugal Motion; including a representa- 
tion of the Governor of a Steam Engine. 
In a box, 10s. 


Attwood’s Machine for Explain- 


La 


ing the Laws of Falling Bodies: with 
Apparatus attached for Dlustrating the 
Theory of the Pendulum, Price of Att- 
wood’s Machine, with a ‘ Companion,” 
21. 2s.; additional Apparatus, for the Pen- 
dulum, 12, ls. 


Sets of Mechanical Powers; 
containing the Lever—Wheel and Axle— 
A Series of Pulleys—The Inclined Plane— 
Wedge—Screw; with Examples of the 
Parallelogram of Forces—Centre of Gravity 
—Friction—Collision of Elastic Bodies— 
Compound Lever. sen 

1, For large Lecture-rooms (size of 
the frame : height 3 feet 1 inch; 
Widthyroeleet)oee. =. 4. «=. 8) 8 0 
2. For Schools and smaller Lecture- 
rooms (height of the frame, 2 
feet 6 inches; width 2 feet 3 
INCHES) Pee sear sae ary ss ce 
3, A Smaller Set, omitting the Pa- 
rallelogram of Forces and Col- 
lision of Elastic Bodies (height 
of the frame, 2 feet 1 inch; 
width, 1 foot 114 inches) . . 
4, A Commoner Set (height of the 
frame, 2 feet; width,19 inches) 1 6 3 


The Bent Lever. Convertible 


into a Bent Lever or Toggle Joint Press, 
With weights, and a description, Price 10s, 
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EDUCATIONAL MODELS—continued. 


Apparatus for Magnetism. Price 
18s, in a box, 


A Train of Spur Wheels, 


mounted on a mahogany stand, with 
weights, Price 21s. in a box. 


A Double Inclined Plane, with 


an Application of the Composition and 
Resolution of Forces. In a box, 10s, 


A Portable Hydrostatic Bellows; 


with Description and Diagram, including a 
weight, Price 21s. in a box. 


A Sectional Model of the Steam 


Engine; by which the motions of the 
several parts, its internal structure, and 
the high and low pressure principles, can 
be easily explained, Price 2/7. 2s. in a box, 


A Pyrometer, for Showing the 


Expansion of Metals, Price 5s. 


Diagrams in Wood, to Illus- 
trate Dr. Lardner’s Euclid. Solid Geo- 
metry, Book I. Price 7s. 6d. 


Geometrical Solids. The Five 


Regular Solids —1. Tetrahedron ; 2, Octa- 
hedron; 3. JIcosahedron; 4. Hexahe- 
dron; 5. Pentagonal Dodecahedron; 6: 
Rhomboidal Dodecahedron; 7. Bipyra- 
midal Dodecahedron; 8. Trapezohedron. 
Pyramips.—9. Triangular; 10. Quadri- 
lateral; 11. Hexagonal; 12. Octagonal. 
Prisms.—13. Triangular ; 14, Quadri- 
lateral; 15. Hexagonal; 16. Octagonal.— 
17. Sphere; 18. Cylinder; 19. Cone. The 
Set in a box, 9s. 


Another Set, containing the 


Conic Sections, Price 16s. 


A Larger Set. Price 1/. 11s. 6d. 


An Instrument for Teaching 
Geometry; convertible into a Theodolite, 
Spirit Level, Hadley’s Sextant, and Wollas- 
ton’s Goniometer. Price 27. 12s. 6d, in 
a box. 


A Pair of Large Dividers, for 


making Diagrams on a black board. 
Price 4s. 


MINASVS MECHANICAL DIAGRAMS. 


For the Use of Lecturers, and Schools. 


Complete in Five Numbers, each containing Three 


Sheets of Diagrams, price 3s. each Number, coloured, illustrating the following subjects :— 
1 & 2. Composition of Forces.—3. Equilibrium.—4 & 5. Levers.—6. Steelyard, Brady Ba- 
lance, and Danish Balance.—7. Wheel and Axle.—8. Inclined plane.—9, 10,11, Pulleys.— 
12, Hunter’s Screw.—13 & 14. Toothed Wheels.—15. Combination of the Mechanical Powers. 


The Diagrams are printed on large sheets of paper, measuring 2 feet 11 inches by 2 feet. 
This size will be found suited for large lecture rooms. 


CHEMISTRY. 


— 


TURNER’S ELEMENTS OF CHEMISTRY. Eighth Edition. 


Edited by Justus Lreste, M.D., Professor of Chemistry in the University of 
Giessen, and WILLIAM Grecory, M.D., Professor of Chemistry in the University 


of Edinburgh. 


1 vol. 8vo. id. 10s. 


(See page 2.) 


Also, in Two Parts. 


Part I.—INORGANIC CHEMISTRY. 
IJ.—ORGANIC CHEMISTRY. 


15s. 
15s. 


“The present is, in short, the most complete and the most luminous system of 
Chemistry in the English language; and we know no one in France or Germany that 
comes near it.”—Hdinburgh Medical and Surgical Journal, Jan. 1, 1847. 


GREGORY’S OUTLINES OF CHEMISTRY, for the use of 


Students. By Wiii1am Grecory, M.D., Professor of Chemistry in the Uni- 

versity of Edinburgh. Second Edition, revised and enlarged. Complete in 

1 vol. foolscap 8vo, 12s. cloth. Part I—(Inoreanic CuEmistry), 5s. cloth. 
Part Il.—(Oreanic CHEMISTRY), 7s. cloth. 

‘« This is beyond comparison the best introduction to Chemistry which has yet appeared. 

The directions tor preparing substances are usually confined to the best method, so that 


brevity and selectness are combined. The size and price of this little work, as well as 
its intrinsic merits, commend it to every student of Chemistry.””— Lancet. 
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WILL’S OUTLINES OF THE COURSE OF QUALITATIVE 
ANALYSIS FOLLOWED IN THE GIESSEN LABORATORY. By 
Henry Wixt, Ph.D., Professor Extraordinary of Chemistry in the University 
of Giessen. With a Preface, by Baron Lixsie, 8vo, 6s.; or with the Tables 
mounted on linen, 7s. 


“The present work contains an accurate description of the course I have followed in 
my laboratory, with great advantage, for twenty-five years.”—Baron Lixrsic. 


PARNELL’S ELEMENTS OF CHEMICAL ANALYSIS, 
QUALITATIVE AND QUANTITATIVE. By Epwarp AnpREW PaRNeELL, 
Author of “ AppLieD CuHEmistry ; In Arts, ManuractureEs, AND DoMESTIC 
Economy.” Second Edition, revised throughout, and enlarged by the addition 
of 200 pages 8vo, 14s. cloth. 


PARNELD’S APPLIED CHEMISTRY; IN MANUFAC- 
TURES, ARTS, AND DOMESTIC ECONOMY. With numerous Wood 
Engravings and Illustrations. 

Vol. I., 13s. cloth lettered, contains :-— 
PRELIMINARY OBSERVATIONS—Gas ILLUMINATION—PRESERVATION OF Woop— 
DyrIne AND Catico PRINTING. . 
Vol. IT, 13s., cloth lettered, contains :-— 
Giass—StTarcH—Tanning—CaoutcHouc— Borax AND THE Boracic Lagoons 
—SoOAP—SULPHUR AND SULPHURIC ACID, AND Sopa. 


PETZHOLDT’S LECTURES TO FARMERS ON AGRICUL- 


TURAL CHEMISTRY. People’s Edition. 1 vol. small 8vo., 4s. 6d. sewed ; 
5s. cloth. 


‘The author does not overload his subject with needless details, which is the vice of 
some such books, but he confines the reader to those points only which he ought to be 
well acquainted with, and these he explains in a clear and simple way.”—Gardeners’ 
Chronicle. 


LIEBIG’S RESEARCHES INTO THE MOTION OF THE 
JUICES IN THE ANIMAL BODY. 8vo. 5s. (See page 2.) 


LIEBIG’S FAMILIAR LETTERS ON CHEMISTRY, AND 


ITS RELATIONS TO COMMERCE, PHYSIOLOGY, AND AGRICUL- 
TURE. Third Edition. Foolscap 8vo, 4s. 6d. 


LIEBIG’S FAMILIAR LETTERS ON CHEMISTRY, Stconp 


Series. THE PHILOSOPHICAL PRINCIPLES AND GENERAL LAWS . 


OF THE SCIENCE. Foolscap 8vo, 5s. 


‘¢ The plan of the Letters is as simple and intelligible as their style. The author sets 
out with a general consideration of Chemistry ; and of the rank to which it is entitled 
among the other sciences; treats shortly of chemical affinity and chemical equivalents, 
illustrating the symbols and formule by which these affinities are expressed ; explains 
the atomic theory; considers the relation of heat, light, electricity, and gravity to 
chemical force, and shows wherein these forces differ from what has been called the 
vital principle ; and lastly discusses the transformations—fermentation, putrefaction, 
and decay—which take place in organic bodies when removed from the influence of 
vitality.”,— Chambers’ Journal. Notice of Second Series. 


LIEBIG’S ANIMAL CHEMISTRY; or, CHEMISTRY INITS 
APPLICATIONS TO PHYSIOLOGY AND PATHOLOGY. Third 
Edition, almost wholly re-written. Part I., 6s. 6d. cloth. (See page 4.) 


LIEBIG’S CHEMISTRY IN ITS APPLICATIONS TO AGRI- 
CULTURE AND PHYSIOLOGY. Fourth Edition, revised, 8vo, 10s. 6d. 
cloth. (See page 4.) 


PORTRAIT OF PROFESSOR LIEBIG. 7s. 6d. 
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CHEMISTRY—continued. 


PLATTNER ON THE USE OF THE BLOWPIPE IN THE 
EXAMINATION OF MINERALS, ORES, FURNACE PRODUCTS, 
AND OTHER METALLIC COMBINATIONS. Translated, with Notes, 
by Dr. J. S. Musprarr. With a Preface by ProrEssor Liesre. Illustrated 
by numerous Wood Engravings. 1 vol. 8vo, 10s. 6d. 


FRESENIUS AND WILL’S NEW METHODS OF ALKA- 


LIMETRY, and OF DETERMINING THE COMMERCIAL VALUE oF ACIDS, AND 
MANGANESE. 12mo, 4s. cloth. 
‘¢ This little work will prove of the highest importance to Calico Printers, Bleachers, 


Dyers, Manufacturers of Soap, Paper, and Prussiate of Potash; also to Chemists, and 
to dealers in Alkalies, Acids, &c.” 


INSTRUCTIONS FOR MAKING UNFERMENTED BREAD; 


with Observations on its Properties, Medicinal and Economic. By a Puyst- 
cian. Fifteenth Edition, containing the New Formule. 8vo, 3d.; or, 
Postage free, 5d. 

‘“*The author, by directing attention to a subject of the highest importance in a 


social and economical, as well as a medical point of view, has rendered a great service 
to the public. ”__ Edinburgh Medical and Surgical Journat. 


‘We recommend this Pamphlet to the serious attention of the public.”—T%imes. 


SURGICAL ANATOMY. 


—_ —_. 


MORTON’S SURGICAL ANATOMY OF THE PRINCIPAL 
REGIONS. Royal 8vo. Plates and Woodcuts. 


PERINAUM. Four Plates and Three Woodcuts. 6s. plain, 7s. 6d. coloured. 

GROIN, FEMORAL AND POPLITEAL REGIONS. Eight Platesand Eleven 
Wood Engravings. 9s. plain, 13s. coloured. 

INGUINAL HERNIA, TESTIS AND ITS COVERINGS. Five Plates and 
Eleven Woodeuts. 12s. coloured, 9s. plain. 

EIGHT PLATES OF THE HEAD AND NECK, THE AXILLA, AND 
BEND OF THE ELBOW. 13s. coloured, 7s. 6d. plain. 

‘“¢ The production (volume on the Groin) is altogether one which we can conscientiously 
recommend to the working student...... The work will constitute a complete and 
elaborate treatise, that cannot fail to be highly useful to surgeons in general.” — British 
and Foreign Medical Review. 

‘“‘The present work (Inguinal Hernia) is a worthy successor to those on the Groin 


and Perinceum, and will prove, we do not doubt, as great a favourite with students.”— 
Med.-Chir. Rev., April, 1841. 


CUTLER’S SURGEON’S PRACTICAL GUIDE IN DRESS- 
ING AND IN THE METHODIC APPLICATION OF BANDAGES. 
Second Edition. 100 Engravings on Wood. Foolscap 8vo, 6s. 6d. 


‘*This appears to be a valuable little treatise. The author seems to have spared no 
pains in procuring correct descriptions of all thesurgical apparatus at present employed 
in bandaging and dressing, both at home and abroad. He has given numerous illustra- 
tions in the form of well-executed Woodcuts, and has altogether produced what we 
conceive to be a very useful, and by no means an expensive publication.”—Medical 
Gazette, Nov. 10, 1834. 


HIND’S TWENTY PLATES OF FRACTURES OF THE 
EXTREMITIES. Second Edition. Folio, 1d. 4s. cloth. 


PORTRAIT OF ROBERT LISTON, ESQ. 2s. 6d. 
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ANATOMICAL PLATES. 
CHEAP ISSUE(ONE-THIRD LESS THAN THE ORIGINAL PRICE). 
Now Ready. 
Complete in 13 Monthly Parts, each 10s. 6d. plain, 20s. colowred, of 
A SERIES OF ANATOMICAL PLATES, IN LITHO- 


GRAPHY: With ReEreREeNces AnD PHysIoLocicaL ComMENTs, illustrating 
the Structure of the different Parts of the Human Body. Edited by Jonzs 
Quatn, M.D., and Erasmus Witson, F.R.S. 


THE WORK MAY ALSO BE HAD IN SEPARATE PORTIONS, BOUND IN CLOTH, AS FOLLOWS :— 
Former Price. Present Price. Former Price. Present Price. 


Plain. Plain. Coloured. Coloured. 

a Soke: LiSn On ee Sin lon Ss Te 

MUSCLES, 51 Plates & se eG) AO 118 0 5 6-0 a 2-0 
VESSELS, 50 Plates . sh eee ke SO 118 0 Sle. 0 a 8 0 
NERVES, 38 Plates. ; Z ESE ee) 110 0 7 OE |) 216 0 
VISCERA, 32 Plates . . eS: eG boi «(0 3710. -0 2 Se -G 
BONES & LIGAMENTS, 30 Plates 2 0 0 [mee ZAdb =O ie EE VG 


Also complete in 2 vols. royal folio, half-bound morocco, gilt tops, price 
82. 8s. plain, 142. coloured. 


ANATOMY. 


—S——_ 


DR. QUAIN’S ANATOMY. Fifth Edition. Edited by Dr. 


SHarrey and Mr. Quain. Illustrated by several hundred Engravings on 
Wood, 2 vols. 8vo, 2/. cloth lettered. (See page 1.) 


Also (for a short time) in Three Parts. 
Part L., 13s. | Part II., 14s. | Part III., 13s. 


ELLIS’S DEMONSTRATIONS OF ANATOMY. A Guide 
to ae ce of the Human Body. Second Edition. Small 8vo. (Just 
published. 


MACLISE’S MORPHOLOGICAL STUDIES IN SEARCH 
OF THE ARCHETYPE SKELETON OF VERTEBRATED ANIMALS. 
Illustrated in 54 Plates, One volume, small folio, 2/. 12s. 6d. 


‘The present volume is a most grateful and refreshing sight, exhibiting in every | 


page evidence of accurate investigation, of profound reasoning and extended knowledge, 
both general and professional.”—Lancet. 


MATERIA MEDICA AND PHARMACY. 


ee 


MOHR AND REDWOOD’S PRACTICAL PHARMACY. 


The Arrangements, Apparatus, and Manipulations of the Pharmaceutical Shop 
and Laboratory. 8vo, with 400 Engravings on wood, 12s. 6d. cloth lettered. 


BALLARD AND GARROD’S ELEMENTS OF MATERIA 
MEDICA AND THERAPEUTICS. One volume 8vo, with Diagrams on 
Wood. 12s. cloth. 


‘Asa manual for students, it is the best that has yet appeared, and will be found to 
contain much matter well worthy of perusal by the practitioner.” —Ranking’s Report. 


a 
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PHYSIOLOGY. 
HAND-BOOK OF PHYSIOLOGY. By W.S. Kirxss, M.D., 


Medical Registrar and Demonstrator of Morbid Anatomy at St. Bartholomew’s 
Hospital ; assisted by James Pacer, Lecturer on General Anatomy and Phy- 
siology at St. Bartholomew’s Hospital. With Illustrations on Steel and Wood. 
12mo, 12s. 6d. cloth. 


MULLER’S ELEMENTS OF PHYSIOLOGY. Translated, with 


Notes, by Witiiam Baty, M.D. Steel Plates and very numerous En- 
gravings on Wood, 2 thick vols. 8vo. 20s. each. 


RECENT ADVANCES IN THE PHYSIOLOGY OF MO- 


TION, THE SENSES, GENERATION AND DEVELOPMENT. By 
Wittiam Baty, M.D., F.R.S., Physician to Milbank Prison, and W. S. 
Kirxes, M.D.; being a Supplement to the Second Volume of Professor 
Miiller’s Elements of Physiology. With numerous Illustrations. 8vo, 5s. 6d. 


‘¢To those who possess Miiller’s Klements, it is indispensable—to others who have 
not this useful work it will be found most serviceable in giving them at a small expense 
an insight into the recent progress of Physiology.”—Medical Gazette. 


MULLER’S EMBRYOLOGY, WITH THE PHYSIOLOGY 
OF GENERATION. ‘Translated, with Notes, by Dr. Baty (from Miiller’s 
Elements of Physiology and Supplement). 8vo, with numerous Illustrations, 
7s. 6d. cloth. 


MULLER’S PHYSIOLOGY OF THE SENSES, VOICE, 
AND MUSCULAR MOTION, WITH THE MENTAL FACULTIES, 
Translated, with Notes, by Dr. Baty (from Miiller’s Elements of Physiology 
and Supplement). 8vo. 7s. 6d. cloth. 


MEDICINE. 


MURPHY’S (PROFESSOR) LECTURES ON NATURAL 
AND DIFFICULT PARTURITION. One volume 8vo, with numerous 
Engravings on Wood. 9s. cloth. 


‘¢ The whole of these Lectures, which refer to difficult and laborious labours, and to 
the application of instruments, will be found of the very greatest value.”—Lanecet. 


CHLOROFORM IN THE PRACTICE OF MIDWIFERY. 
By Epwarp W. Murpny, A.M., M.D., Professor of Midwifery in Univer- 
sity College, London. 8vo. ls. (Free by post, 1s. 4d.) 


DR. DAVID D. DAVIS’S ELEMENTS OF OBSTETRIC ME- 
DICINE. Second Edition. With a 4to Volume containing all the Plates of 
the original 4to Edition. 10. 7s. 6d. cloth. 


WALSHE ON THE NATURE AND TREATMENT OF 
CANCER. One vol. 8vo, with Illustrations. 16s. 


‘‘The chapter upon this most important subject (Treatment) is very full and com- 
plete. Dr. Walshe has taken great pains to examine the alleged virtues of almost every 
remedy and of every plan of medication that has been proposed.”—Med.-Chir. Review. 


WALSHE ON THE PHYSICAL DIAGNOSIS OF DISEASES 
OF THE LUNGS. Foolscap 8vo. 6s. 6d. cloth. 

“‘ The treatise is one of extraordinary merit. Indeed we do not hesitate to say, that 

there exists in no language any work on the Physical Diagnosis of the Diseases of the 


Lungs, suited for students, so clear and precise, and at the same time so comprehensive 
and practical, as this.”—British and Foreign Medical Review. 


DR. BENCE JONES’S APPLICATION OF LIEBIG’S PHY- 
SIOLOGY TO THE PREVENTION AND CURE OF GRAVEL, CAL- 
CULUS, AND GOUT. 8vo. 63. 


BRADBURY AND EVANS, PRINTERS, WHITEFRIARS. 
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